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ABSTRACT
With substantial health and economic impacts attached to many highway-related projects,
it has become imperative that the models used to assess air quality be as accurate as possible.
The United States (US) Environmental Protection Agency (EPA) currently promulgates the use
of CAL3QHC to model concentrations of carbon monoxide (CO) near roadway intersections.
This model uses steady-state and macroscopic methods to model the physical phenomena (e.g.,
emission rates, atmospheric dispersion, etc.) occurring at intersections. These methods are not
straightforward and unintuitive for the users. Therefore, this project investigated the possibility
of developing a model that is theoretically more realistic and flexible than CAL3QHC.
The new model entitled, Traffic Air Quality Simulation Model (TRAQSIM), uses a
microscopic approach by modeling vehicle movements and dispersion in a simulation
environment. Instead of steady-state plume equations used in the CAL3QHC model, TRAQSIM
uses a discrete puff methodology that can be used to model time-based dispersion of pollutants.
Most of the components incorporated into TRAQSIM have been drawn from existing
methodologies and therefore, are not new. However, the combination of these different methods
into a single integrated model is new and presents a novel approach to such a model.
Initial verification and sensitivity/trend studies of the model indicate that TRAQSIM uses
reasonable/realistic traffic parameters and behaves intuitively correct. A validation study
showed that TRAQSIM produces good results when compared to actual measured data with an
overall R2 value of 0.605 for 11 scenarios comprising 264 data points. Although most statistical
parameters showed CAL3QHC agrees better overall with measured data (R2 value of 0.721), the
comparisons were mixed on a scenario-by-scenario basis; that is, CAL3QHC showed better
ii

results for 6 scenarios and TRAQSIM showed better results for 5 scenarios. Additional tests
with larger datasets, which were beyond the scope of this work, could be conducted to obtain
more definitive conclusions and allow further development of TRAQSIM.
While CAL3QHC is a mature model that has been developed over many years,
TRAQSIM is new and has much more potential for improvement. The physical parameters used
in TRAQSIM allow it to be more directly (more logically) improved than the approximations
used in CAL3QHC. In addition, although the fundamental-level modeling in TRAQSIM make it
a more complex model internally, it is much more intuitive for the user to understand and use.
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CHAPTER ONE: INTRODUCTION

1.1 Problem Statement
Each year, various government agencies and private contractors conduct mobile sourcerelated air quality modeling to assess the impacts of new development projects, congestion
mitigation strategies, remediation efforts, etc. The modeled results are often used to make
decisions (or support decisions) that have substantial dollar values attached to them. From 1992
to 1997 and from 1998 to 2003, federal funding for Congestion Mitigation and Air Quality
(CMAQ) improvement programs were approximately $1 billion and $2.1 billion per year,
respectively (CRS 1998). In addition to these CMAQ programs, additional sources of funding
for other air quality-related transportation projects under the Intermodal Surface Transportation
Efficiency Act (ISTEA) and its successor, the Transportation Equity Act for the 21st Century
(TEA 21) also exist. With such levels of funding at stake, it is very important that the air quality
models used to support these projects be as methodically sound and accurate as possible.
The Environmental Protection Agency (EPA) currently promulgates the use of
CAL3QHC for air quality, especially carbon monoxide (CO) concentration, assessments
involving interrupted traffic scenarios (e.g., intersections). The modeled concentrations from
CAL3QHC are compared to the National Ambient Air Quality Standards (NAAQS) which
specifies the federally established atmospheric concentration limits based on maintenance of
public heath and welfare. Table 1 presents both the 1-hour and 8-hour NAAQS values for CO.
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Table 1
National Ambient Air Quality Standards (NAAQS) for CO
Type
1-Hour Concentration (ppm)
Primary
35
Secondary
35
Note: ppm = parts per million.
Source: (CFR 1991)

8-Hour Concentration (ppm)
9
9

CAL3QHC represents vehicles as part of line sources in calculating concentrations of
relatively inert pollutants (i.e., CO). The average and steady-state characterization of traffic
movements, vehicle emission rates, and atmospheric dispersion methods employed by the model
present several shortcomings. First, CAL3QHC’s use of line sources with evenly distributed
emission factors (i.e., uniform density) and the representation of idling (queued) vehicles with
equivalent length line sources are homogenous approximations of actual traffic conditions and do
not allow accurate modeling of modal activities such as acceleration on departure links. Second,
the use of steady-state Gaussian equations for dispersion modeling does not allow the direct use
of time-varying meteorological data, and therefore, precludes the direct modeling of time
variances. Third, the dispersion effects of vehicle wakes and exhaust gas buoyancy are
generically approximated through the use of homogeneous mixing zones that do not reflect the
complex interactions between vehicle locations and these dispersive factors. Lastly, CAL3QHC
does not account for the drag-effects of the vehicle wakes which add to the advection of the
pollutants, and thus, their dispersion as well.
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Due to these shortcomings, there exists a need to improve upon CAL3QHC through more
realistic representations of the physical phenomena (e.g., vehicle modal movements, wake
effects, exhaust buoyancy, etc.) occurring along roadways. A more realistic model could also
result in a more robust modeling environment that will allow users to model scenarios in a more
straightforward or direct manner.

1.2 Objective
The objective of this work was to investigate the development of a model that would be
comparable or better than CAL3QHC in predicting atmospheric concentrations of CO by using
methods that are more realistic representations of physical phenomena occurring at intersections.
Specifically, the work involved the following tasks: (1) Review existing models and the
literature to investigate different modeling theories that could be used to form the basis for the
new model; (2) develop the model using Microsoft Visual Basic; and (3) conduct various
assessments of the model including verifications of the components, validation of the overall
model, and sensitivity analyses of major variables.
The objective of this work was to investigate the development of a model that would
allow modal activity and time variance of local meteorology to be predicted. It is postulated that
this will lead to results which are comparable or better than CAL3QHC in predicting
atmospheric concentrations of CO. The flexibility and the more realistic representations of
physical phenomena occurring at intersections are also thought to provide a more solid
foundation upon which to further improve the model. Specifically, the work involved the
following tasks: (1) Review existing models and the literature to investigate different modeling
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theories that could be used to form the basis for the new model; (2) develop the model using
Microsoft Visual Basic; and (3) conduct a validation effort comparing measured CO
concentrations to those predicted by both CAL3QHC and the new model.

1.3 Overview of New Model
The new model entitled, Traffic Air Quality SImulation Model (TRAQSIM), uses a
simulation approach where the movement of each individual vehicle is modeled at an interrupted
traffic scenario such as a signalized intersection. Thus, each vehicle is modeled as a discrete
moving source with appropriate modal movements (e.g., acceleration, deceleration, etc.) and
emissions during each simulation time-step. The emitted pollutants are modeled as a series of
Gaussian puffs (i.e., rather than plumes) with one puff being emitted per vehicle for each timestep. Advection of each puff is accomplished through contributions from the mean wind, vehicle
wake effects (dragging), and atmospheric rise (e.g., thermal buoyancy) of the vehicle exhaust
gases. These same factors are also responsible for the dispersion (growth in sigma, σ, values) of
each puff. At preset time-intervals, merging of puffs based on a closeness criteria are conducted
to prevent an unruly number of puffs from existing in a simulation. Concentrations are sampled
during each time step such that the concentration at each receptor location is determined by
summing the contributions from all existing puffs. After the simulation is complete, the sampled
receptor concentrations are averaged over a selected time period to obtain the final
concentrations at each receptor location.

4

1.4 Organization
The dissertation is organized into 5 chapters. Chapter 1 provides introductory materials
including the problem statement and objectives of the study. Chapter 2 provides literature
reviews of existing air quality intersection models. Chapter 3 covers the development of
TRAQSIM with detailed discussions of each of the model components. Chapter 4 discusses the
software and hardware environment. Chapter 5 presents the verification and validation work
conducted for the model. Chapter 6 covers sensitivity and trend analyses. And Chapter 7
provides concluding remarks for the overall project.
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CHAPTER TWO: LITERATURE REVIEW

2.1 Comparable Intersection Air Quality Models
In developing TRAQSIM, CAL3QHC was used as the basis from which to compare
against and improve upon in terms of flexibility. CAL3QHC, the EPA recommended
interrupted-flow model, is the most widely used model of its type. All model performance
comparisons of predicted concentrations were conducted against this EPA model. Sections 2.1.1
to 2.1.5 provide some background information on CAL3QHC and various other interrupted-flow
models.
In addition to these, there are several other comparable models that deserve to be
mentioned such as the Intersection Midblock Model (IMM), the Georgia Intersection Model
(GIM), the FHWA Intersection Model (FHWAINT), the EPA Intersection Model (EPAINT), and
EPA’s Volume 9 (NYDOT 1982, EMI 1985, PEI 1988, PEI 1988, and EPA 1979, respectively).
These models are not discussed in detail because they are lesser known, tend to be older, and/or
do not have the same scope as TRAQSIM.

2.1.1 CAL3QHC
CAL3QHC is an EPA recommended intersection model used to determine
ambient concentrations of an inert pollutant, typically CO (CFR 1997). The model is a superset
of the CALINE3 dispersion model developed by the California Department of Transportation
(CALTRANS) (Benson 1979) that uses finite line sources (links) to model free-flow
6

(uninterrupted) roadways. Therefore, all of the capabilities within CALINE3 are incorporated
within CAL3QHC. Using the aforementioned finite line sources, atmospheric dispersion is
accomplished through the use of steady-state Gaussian plume equations. To model the near field
vehicle and buoyancy-induced turbulence, a uniform mixing zone is created over the roadway
with a width that includes the roadway plus 3 meters on each side of the roadway for moving
vehicles. This total width represents the initial horizontal dispersion. In contrast, the initial
vertical dispersion height is determined through an empirical equation as a function of the
estimated residence time within the mixing zone.
Meteorology (and hence, concentrations as well) is modeled through the use of
average values corresponding to a 1 hour interval. The user supplied data includes average wind
speed, average wind direction, and atmospheric stability (through a class definition of A to F).
Emission factors are evenly distributed along the length of the links. This uniform
emission density is based on average emission factors that must be provided for free-flow and
queue links such as those from the EPA’s MOBILE-series models (EPA 2002). The free-flow
emission factors in grams per vehicle-mile (g/veh-mile) correspond to the average speed for a
link. The idle emission factor in grams per vehicle-hour (g/veh-hr) are usually based on the
lowest speed modelable in MOBILE which is an “idling speed” of 2.5 miles per hour (mph).
The emission factor in g/veh-mile for this speed is multiplied by 2.5 mph to obtain the units of
g/veh-hr for typical idle modeling
The “QHC” portion of the “CAL3QHC” acronym is intended to imply the added
capability (on top of CALINE3’s dispersion methods) to model queues (“Q”) of idling vehicles
stopped at an intersection (e.g., due to a traffic signal). In modeling these queues, the volume
and capacities are analyzed through the use of the Highway Capacity Manual (HCM) (TRB
7

1985) procedure for intersection analysis (EPA 1995). The queues are modeled internally as
equivalent free-flow links with adjusted emission factors that reflect the higher density of
emissions near the intersection. Therefore, the length of the queues and emission factors for
these links modeled internally do not necessarily equate to the user supplied (or actual) queue
lengths and emission factors.

2.1.2 CALINE4
Similar to CALINE3, CALINE4 was developed by CALTRANS (Benson 1989). Its
name may suggest otherwise, but the CALINE4 model is more akin to an expansion of
CALINE3 rather than an update. Unlike its predecessor, CALINE4 can be used to model both
free-flow and interrupted traffic scenarios. Although CALINE4 is not the EPA recommended
model, its use is promulgated in California by CALTRANS and accepted for use by the
California Air Resources Board (CARB) and EPA.
In CALINE4, queue lengths are determined by using a same-lane vehicle spacing
distance of seven meters and modal activity input data. Modal emission factors are determined
from exponential functions obtained from regression analyses involving modal multipliers and
the product of speed and acceleration. These factors are used to determine cumulative modal
emission profiles for each link. For use in dispersion modeling, the average distance rate
emission factor (e.g. g/mile) for a link is obtained by dividing the difference between cumulative
emissions at the link ends by the length of the link. Similar to CALINE3, CALINE4 also
incorporates a mixing zone concept to account for the initial dispersion directly over a roadway.
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But CALINE4 expands upon this methodology by incorporating an upward heat flux algorithm
that modifies the σz values.

2.1.3 TEXIN2-4
TEXIN2-4 was developed by the Texas State Department of Highways and Public
Transportation (Bullin 1978). It is no longer an EPA accepted model and has few if any
remaining proponents.
In modeling both interrupted and free-flow traffic, TEXIN2-4 employs the same
equations used in CALINE3 to model dispersion as in CAL3QHC. However, the excess
emissions arising from queues are handled differently. TEXIN2-4 uses Critical Movement
Analysis (CMA) to determine a volume to capacity ratio (v/c) that leads to the determination of
the queue length. This queue length is then used along with derived emission factors for vehicles
slowing, stopping, and idling to determine the total excess emission factors for each link.

2.1.4 FLINT
FLINT is an intersection air quality model that was developed at the University of
Central Florida (UCF) under sponsorship by the Florida Department of Transportation (FDOT)
(Cooper 1996). It uses a UCF-derived macroscopic traffic theory to determine queue lengths and
lengths of the acceleration/deceleration zones (Al-Deek 1997). Modal emission factors are
calculated by applying fixed multipliers to speed-based emission factors (i.e., from MOBILE).
The method FLINT uses to model roadways is different than the aforementioned models in that
the roadways are treated as area sources and not as line sources. Dispersion is accomplished
9

through the use of the area source algorithm within the PAL2 model. However, the sigma values
in PAL2 were replaced with the ones in CALINE3 to improve the accuracy of the dispersion
effects.

2.1.5 HYROAD 1.1
Developed by Systems Applications International (SAI), Inc. under sponsorship by the
National Cooperative Highway Research Program (NCHRP), HYROAD, Version 1.1, was
designed to incorporate traffic simulation with emissions and dispersion models (Carr 2002).
Although relatively new, the model is currently available from EPA and undergoing continued
evaluations. HYROAD uses a traffic simulation approach modeling movements of each
individual vehicle with associated emissions and Gaussian puff dispersion. This modeling
approach is similar in concept to TRAQSIM except that vehicle activities and emissions are
summarized (aggregated) into 10 m roadway sections. As a result, emission density and
dispersion are also based on the use of these 10 m sections and not on moving sources as in
TRAQSIM.
All of the computational components within HYROAD are based on existing models.
Traffic simulation is handled through the incorporation of the NETSIM model (see Section
2.3.1). This allows HYROAD to take advantage of all of the complex vehicle movement
algorithms within NETSIM including a car-follower algorithm. For emissions modeling,
HYROAD uses average emission factors but for different driving cycles including the Federal
Test Procedure (FTP) cycle used in the MOBILE-series models (see Section 2.2.1). HYROAD
does not use modal emission factors, but may be implemented in a future version (Carr 2002).
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Dispersion modeling is accomplished through the use of the CALPUFF model (see Section
2.4.2) which allows time-varying input data to be used.

2.2 Emission Factor Models
Emission factor models are vitally important to dispersion models because they provide
the initial mass data required to model atmospheric concentrations. For much of the existing
regulatory dispersion models, especially those based on steady-state Gaussian plume equations,
the emission factors have generally been directly proportional to the concentrations. Therefore,
it is very important that the emission factors be as accurate as possible since a dispersion model’s
accuracy is dependent on the emission factor’s accuracy.
Emission factor modeling can be categorized into two general areas: average speed and
modal. The average (or constant) speed models provide a single emission factor per vehicle type
for a traffic scenario whereas the modal models can typically provide emission factors with
greater fidelity such as on a second-by-second basis for a driving cycle. Past studies have also
provided indications that even on an aggregate-level, average speed models may not be accurate
for many scenarios in part because they cannot directly model modal events of driving cycles
other than those upon which the models are based (Washington 1995). The following sections
provide background information on these two types of models.

2.2.1 MOBILE
The EPA’s recommended model for determining average speed emission factors for
highway vehicles are the MOBILE-series models with the latest version being 6.2 (EPA 2002).
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Hereinafter, the latest version of the MOBILE model will be referred to as simply “MOBILE6.”
Virtually all emissions modeling for regulatory and planning purposes in the US is based on the
use of this model. Typically, states and various local/regional agencies use the model for
developing vehicular emissions inventories as a requisite for state implementation plans and
conformity analyses.
MOBILE6 was basically developed through emissions measurements using the FTP
driving cycle with a length of 7.5 miles and an average speed of 19.6 miles per hour (mph) (EPA
2002). Figure 1 shows a plot of this cycle.
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Figure 1: FTP Speed Cycle

The FTP test specifically involves starting a vehicle (turning on the engine) after an overnight
rest (or “soak time” of typically 12 hours) and running the vehicle through this 7.5 mile cycle.
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The first 505 s of the cycle are defined as being in a cold transient mode with the emissions
collected during this phase being referred to as “BAG1” emissions. The remaining emissions are
referred to as “BAG2” emissions defined as being in a stabilized mode (or more specifically as a
cold stabilized mode). The test is then continued by turning the engine off for approximately 10
minutes (i.e., soak time of 10 minutes) and then restarting the cycle. The emissions collected
during the first 505 seconds of this latter cycle are referred to as “BAG3” emissions and defined
as being in a hot transient mode. The remaining emissions (i.e., from the remaining latter cycle)
are not measured since they are assumed to be equivalent to BAG2 emissions. The data
collected from these measurements are used to derive basic emission rates that form the basis of
the MOBILE model. These basic emission rates are modified within the model to account for
changes in various scenario parameters (e.g., vehicular, atmospheric, etc.).
MOBILE6 predicts emission factors (e.g., g/veh-mile) for several pollutants such as
hydrocarbons (HC), nitrogen oxides (NOx), and CO. The model takes into account various
parameters including vehicle types, ambient temperatures, humidity, vehicle speeds,
inspection/maintenance (I/M) programs, etc. In addition to modeling emission factors for current
or past conditions, future (forecasted) scenarios can also be modeled.
Depending on user specifications, MOBILE6 can provide individual emission
factors for all 28 of its vehicle types. Or it can provide aggregated emission factors for just 8
vehicle types which are more manageable and consistent with previous versions of the model.
An overall composite emission factor calculated by using the associated vehicle-miles-traveled
(VMT) fractions as weighting factors is also provided in the model’s outputs.
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2.2.2 EMFAC
The EMFAC (“EMission FACtor”) model is similar to MOBILE6 and has been
promulgated by the CARB for use in California (CARB 2002). In functionality and data
requirements, it is virtually identical to MOBILE6. Some of the main differences are the default
data assumptions used in the models including the use of trip parameters. The EMFAC default
data is specific to California whereas MOBILE6 defaults are national in nature. Therefore, the
descriptions provided for MOBILE6 in Section 2.2.1 also apply to EMFAC. The latest
incarnation of this model was released in 2002 as “EMFAC2002.” In addition to the use of
similar variables in MOBILE6, EMFAC2002 provides a “What If” Scenario (WIS) generator
that allows the user to more easily create variations of key variables.

2.2.3 Colorado Department of Highways (CDOH) Method
The Colorado Department of Highways (CDOH) conducted a study to investigate the
possibility of generating emission factors that were more representative of modal activities (e.g.,
acceleration, deceleration, etc.) (Griffin 1980). CDOH developed a relatively simple model to
predict multipliers (modal multipliers) that could be used to convert average speed emission
factors (e.g., from MOBILE6) to modal emission factors. A multiplier is essentially a
normalized value derived by dividing a vehicle’s emission rate for a particular modal activity
(e.g., combination of acceleration and speed of vehicle) by its average 75 FTP emission rate.
The “75” as used here is similar to a version number representing the year (1975) in which the
test procedure was developed. But the basic underlying driving cycle is still the same 7.5 mile
cycle. Using a total of 45 vehicles (1975 model year) and 39 modal activities in the Surveillance
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Driving Sequence (SDS) for each vehicle, best fit curves for the data were developed that
correlate multipliers for CO, HC, and NOx with the product of speed and acceleration. The
corresponding quadratic equation for CO is presented below:

M = 0.182 - 7.9776 x 10-3 (AS) + 3.6227 x 10-4 (AS)2

(1)

where M = multiplier for CO
AS = product of speed and acceleration (ft2/sec3)

The reasoning behind this approach is that the product of speed and acceleration
represents a vehicle’s power demand which agrees with unit analysis that show it is power
divided by mass. Therefore, the underlying thought is that as the speed-acceleration product, and
hence, power demand increases, so will the emission rate for CO.
Since the emission rate and the speed-acceleration product are believed to be linearly
related, the second order term in Equation 1 has been attributed to factors such as the air/fuel
mixture enrichment under load and reaching the limits of the catalytic converter. Due to the fact
that the modal emission rates were normalized with respect to the 75 FTP rate obtained from bag
data, the multipliers are only applicable to emission factors based on an average speed of 19.6
mph, the average speed of the 75 FTP cycle (Griffin 1980). The model can only be applied to
light-duty vehicles because the data used to derive the model only encompassed those vehicle
types.
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2.2.4 CALINE4’s Modal Emissions Model
Similar to the CDOH study, CALINE4 employs a similar method for modeling modal
multipliers. However, the data sets used to derive regression equations were different than the
ones use in the CDOH study; CALTRANS used data that was specific to California (Benson
1989). But similar to the CDOH model, CALINE4’s modal emissions models are also only
applicable to light-duty vehicles due to the data upon which the models were developed. The
two equations employed in CALINE4 are presented as equations 2 and 3:

EFA = (BAG2)(0.75)e(0.0454)(AS)

(2)

EFA = (BAG2)(0.027)e(0.098)(AS)

(3)

where EFA = modal emission factor
BAG2 = constant speed emission factor

Equation 2 is applicable for vehicles accelerating from rest to 45 mph, and Equation 3
corresponds to vehicles accelerating from speeds greater than 15 mph to 60 mph. These
equations are similar to the CDOH equation except that the constant speed emission factor
(BAG2) has been included so that the equations represent modal emission factors rather than a
multiplying factor. Unlike the CDOH model, CALINE4 uses only the aggregated bag 2
(stabilized mode) emissions data to derive the multipliers. Therefore, CALINE4 requires that
average speed emission factors be based at 16.2 mph which is the average speed of the bag 2
stage of the FTP cycle.
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2.2.5 Virginia Tech’s Microscopic Emissions Model
The Virginia Polytechnic Institute and State University (Virginia Tech) developed
microscopic fuel consumption and emission rate models using data collected by the Oak Ridge
National Laboratory (ORNL) (Ahn 1998). The purpose in developing these models was to
provide transportation planners with relatively simple tools to analyze the effects of traffic
operations and development on fuel consumption and emissions.
This model also falls under the category of a modal model, but unlike the CDOH
and CALINE4 models, the Virginia Tech models do not use modal multipliers. Rather, they
predict fuel consumption and emission rates directly from their empirical models. Although the
CALINE4 models are also setup to calculate emission factors directly, their equations are still
based on the use of modal multipliers.
The Virginia Tech models are based on log-transformed data that were fitted with
a third order polynomial with the form shown in Equation 4:

3

3

log(MOE e) = ∑∑ (k i , j * s * a )
e

i

j

i =0 j =0

where MOEe = fuel consumption or emission rates (l/hr or mg/s)
= measure of effectiveness
k = model regression coefficients
s = speed (m/s)
a = acceleration (m/s2)
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(4)

These models can be used with second-by-second (or courser) speed and acceleration
data to determine fuel consumption and emissions for each record of speed and acceleration.
Because the ORNL data only contained data specific for light duty vehicles under stabilized
conditions, the models are also limited to the data coverage. The models also cannot account for
the effects of varying atmospheric conditions (e.g., temperature changes).

2.2.6 Georgia Tech’s MEASURE model
The Georgia Institute of Technology’s (Georgia Tech’s) Research Partnership has
developed a modal emissions model called, Mobile Emissions Assessment System for Urban and
Regional Evaluation (MEASURE) (Bachman 2000). The model is based on a geographical
information system (GIS) framework, and was developed under a cooperative agreement
between EPA and the Federal Highway Administration (FHWA) with funding from both public
and private sources.
MEASURE’s modal emissions sub-models are based on hierarchical tree-based
regression (HTBR) as well as ordinary least squares (OLS) regression. These models account
for different vehicle types and their associated modal activities, and various technology variables
including those related to transmission type, fuel injection, catalyst condition, etc. Since these
models were developed using data from light-duty vehicles, the model is currently limited to
such vehicle types. The GIS features of the model allow the user to conduct facility-level
analyses. The model outputs gridded emissions at varying levels of spatial scales.
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2.2.7 University of California at Riverside’s (UCR’s) Comprehensive Modal Emissions
Model (CMEM)
The Comprehensive Modal Emissions Model (CMEM), currently at Version 2.02 was
developed by the University of California at Riverside’s (UCR’s) Center for Environmental (CECERT) under sponsorship by the NCHRP. CMEM employs a “physical modal modeling
approach based on a parameterized analytical representation of emissions production” (Barth
2001).
The six main computational modules in CMEM are: (1) engine power demand, (2) engine
speed, (3) fuel/air ratio, (4) fuel-rate, (5) engine-out emissions, and (6) catalyst pass fraction
(Barth 2001). The engine power demand module serves as the main interface between the input
data and the rest of the modules. The overall model can be described through the following
relationship:

Tailpipe Emissions = FR x (gemission / gfuel) x CPF

(5)

where FR = Fuel use rate (g/s)
CPF = Catalyst pass fraction (ratio of tailpipe to engine-out
emissions)

CMEM can generate second-by-second fuel consumption and modal emission factors for
CO, HC, NOx, and carbon dioxide (CO2) as well as aggregated average values for a given
driving cycle. The aggregated values are essentially averages of the second-by-second data. The
simplest input for a scenario analysis is a driving cycle with speed information, but other
operational data such as acceleration and road grade, along with deviations from the default
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vehicle parameters, could be used to refine the analysis. The vehicle types modeled in CMEM
are presented in Section 3.2.5 (Table 3).
Similar to the other modal models (and as indicated by the above vehicle types), CMEM
is limited to light duty vehicles due to the coverage of the data from which the model was
developed. The inclusion of other vehicle types (e.g., heavy-duty) are expected in a future
version of the model. A current advantageous feature within CMEM that is absent from all of
the other models discussed including the average speed models is the ability to model road grade.
This could be an important capability for scenarios involving non-level roadways.

2.3 Traffic Simulation Models
Traffic simulation models generally fall into one of two facility categories: (1) urban streets; and
(2) freeways. The following sections provide background information on two well-known traffic
simulation models.

2.3.1 Urban Street Network Simulation: NETSIM
NETSIM (“NET” for urban “network”) is a microscopic urban street network simulation
model that is actually a part of an integrated software system called, TRAF, which includes both
micro and macroscopic simulation models. NETSIM is also a component in the Corridor
Simulation (CORSIM ) model which integrates NETSIM with a freeway simulation model,
FRESIM (FHWA 1996).
The simulation in NETSIM is accomplished by through the use of 1-second time
intervals during which each individual vehicle is moved. To approximate realistic driving,
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stochastic free-flow speeds, queue discharge headways, turning movements, and other behavioral
attributes are assigned to each vehicle. Up to 16 vehicle types can be modeled including autos,
trucks, and buses (FHWA 1996).
The car-follower model employed within NETSIM is based on the prevention of
collisions in any situation (Aycin 1999). Once the leader is moved to a new position during a
time-step, the follower is then advanced to a new position such that if the leader decelerates at
the maximum rate, the follower will still be able to stop without colliding with the leader.

2.3.2 Freeway Network Simulation: FRESIM
As a part of both the TRAF system and the CORSIM integrated model, FRESIM is the
freeway counterpart of NETSIM (FHWA 1996). FRESIM is actually an improved version of an
earlier model called, INTRAS, which was introduced in the 1980s.
FRESIM is capable of modeling various freeway geometric characteristics such as lane
additions/drops, freeway blockage incidents, and changes in roadway grade and curvature.
Operational features modeled in FRESIM include comprehensive lane-changing, clock time and
traffic-response ramp metering, and driver characteristics. FRESIM employs 6 different vehicle
types encompassing 2 passenger cars and 4 types of trucks (FHWA 1996).
Unlike NETSIM, the car-follower model used in FRESIM is based on a combination of
the collision-prevention requirement and a spacing requirement (Aycin 1999). Similar to
NETSIM, after the leader is advanced to its new location, the follower is moved to a position per
a spacing equation satisfying the spacing requirement. This spacing requirement automatically
prevents collisions, thus also satisfying the collision-prevention requirement as well.
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2.4 Atmospheric Dispersion Models
Atmospheric dispersion models predict concentrations of a pollutant at a certain location
away from a source. Most of the dispersion models approved/recommended by EPA for
regulatory and planning use are based on Gaussian equations. Therefore, any ensuing
background discussions on dispersion modeling will focus on Gaussian models. Specifically, the
following sections provide some background information on two commonly used and state-ofthe-art regulatory dispersion models.

2.4.1 AERMOD
The American Meteorological Society (AMS)/EPA Regulatory Model (AERMOD) is a
steady-state Gaussian plume-based model used to determine atmospheric concentrations from
stationary sources such as power plants (EPA 1998). AERMOD is considered to be a new
generation plume model, and it is the successor to the EPA’s older workhorse, the Industrial
Source Complex (ISC) dispersion model (EPA 1995). AERMOD is currently listed as a
recommended “Guideline” model in Appendix W of 40 CFR Part 51 (Code of Federal
Regulations). AERMOD is actually composed of three modules: (1) the dispersion algorithms
(AERMOD), (2) AERMET, the meteorological preprocessor, and (3) AERMAP, the terrain
preprocessor.
AERMOD improves upon ISC in large part through better characterization of the
planetary boundary layer (PBL). Better modeling of the PBL allows a fundamental improvement
in the representation of atmospheric turbulence. Unlike ISC, better characterization of the
atmosphere allows AERMOD to model dispersion rates as a continuous function of meteorology
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with changes in height, and the use of non-Gaussian plumes in convective conditions. Better
modeling of the PBL allows AERMOD to earn the moniker, a “new generation plume model.”
Similar to ISC, AERMOD includes the abilities to model stack-tip and building
downwash through the incorporation of the Electric Power Research Institute’s (EPRI’s) Plume
Rise Model Enhancements (PRIME) algorithms. Also similar to ISC, AERMOD allows the
modeling of point, volume, and area sources, but improves upon ISC by allowing the use of
irregular-shaped area sources. A new elegant method to model flows around complex terrain is
another example of an improvement over ISC. These and other improvements in AERMOD
provide state-of-the-art modeling to the modeling community.
Due to the modeling capabilities, the US Federal Aviation Administration (FAA) in
coordination with the EPA recently updated their Emissions and Dispersion Modeling System
(EDMS) to incorporate AERMOD (Wayson 2001 and 2003). Although generally associated
with modeling stationary sources such as power plant stacks, AERMOD’s area sources are used
to model dispersion from all of the mobile sources in and around airports such as aircraft,
roadway vehicles, etc.

2.4.2 CALPUFF
CALPUFF is a non-steady-state Gaussian puff-based dispersion model, the development
of which was originally sponsored by the CARB (Scire 2000). Puff models have traditionally
been developed to model non-steady-state and non-uniform condition. Moving sources have
also been modeled using these methods. At least theoretically, puff models should be able to
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simulate very calm or low wind situations. This is in contrast to most of the plume-based models
which have generally not been recommended for use in cases with wind speeds less than 1 m/s.
CALPUFF is currently listed as an EPA “Guideline” model approved for regulatory use
involving long-range transport and on a case-by-case basis for near-field applications where nonsteady-state modeling may be more appropriate. Non-steady-state effects primary reflect timevarying meteorological conditions but includes other factors such as coastal effects.
In simple terms, CALPUFF represents emitted pollutants as a series of “puffs” of gaseous
materials that are adverted and dispersed by the atmosphere. Due to the use of puffs as opposed
to steady-state plumes, CALPUFF generally models dispersion using a time-stepped simulation
approach. This allows for direct modeling of time-varying meteorological data. Some of the
modeling features/capabilities in CALPUFF are chemical transformations involving nitrogen
oxide (NOx) and sulfur oxide (SOx), wet and dry deposition, chemical removal, complex terrain
effects, vertical wind shear, and building downwash (Scire 2000). Although the simulation
approach may allow a more straightforward modeling of transient atmospheric effects, it also
generally requires longer run times. Depending on the number of sources and receptors, runtime
can vary from seconds to hours or even days.
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CHAPTER THREE: MODEL DEVELOPMENT
In developing the methodology to predict local pollutant concentrations near
intersections, two overarching principles were followed. The first principle was to borrow
components from existing models as necessary. This was deemed acceptable as long as the
sources were appropriately credited and it did not encroach upon the originality of this
dissertation work which is in large part due to the integration of models involving traffic
simulation, modal emissions, and atmospheric dispersion. There is currently no model in
existence that combines these components into a single integrated model; hence, the originality
factor. Although HYROAD (see Section 2.1.5) does combine these components into a working
model, the components are loosely combined such that it mimics the separate use of each
component one at a time rather than an integrated model that uses all components together as a
whole. A case in point is that the vehicular sources in HYROAD are not modeled as moving
sources as in TRAQSIM; rather, vehicle movements are simulated in order to obtain aggregatelevel traffic parameters that are then fed into the emissions and dispersion models. The
integration approach used in TRAQSIM also tends to allow for better modeling performance
because there are fewer restrictions on the interactions and feedbacks between the modules. A
natural outcome of a true integration is that it frees-up the user from having to translate and/or
understand the use and effects of the same variable in different modules/models.
The second principle was to not be constrained by a need to have the model accepted for
regulatory or even planning purposes by any government or private agency. This principle
allowed the freedom to use any methods and alter them as necessary to meet the objective which
was to develop a theoretically more sound and flexible model than the current EPA
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recommended intersection model, CAL3QHC. With that said, the following sections provide an
overall design of the model followed by detailed descriptions of the components and their
development.

3.1 Overview
The model is composed of three main modules: (1) Traffic Simulation; (2) Modal
Emissions; and (3) Atmospheric Dispersion. Figure 2 shows the integration of these three
modules in the overall modeling scheme, and lists the various components within each module.

Traffic Simulation

Scenario Data
1.
2.
3.
4.
5.
6.

Modal Emissions

Project Data
Links Data
Signals Data
Receptors Data
Vehicle Types and Emissions Data
Meteorology

Atmospheric
Dispersion

Results

Figure 2: Overall Modeling Scheme
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1.
2.
3.
4.
5.
6.

Vehicle Creation
Signal Phase
Vehicle Operational Properties
Vehicle Logic
Vehicle Movement
End-of-Link Effects

1. CMEM Lookup Table
2. Vehicle Emission Factor Scaling

1. Puff Creation
2. Puff Advection Due to Wind
3. Atmospheric Rise
4. Vehicle Wake Drag Effects
5. Atmospheric Turbulence
6. Rise-Induced Turbulence
7. Vehicle Wake-Induced Turbulence
8. Aggregation of Turbulent Components
9. Puff Merging
10. Concentration Sampling

The following sections first provide descriptions of the scenario data required to run the model.
Then, detailed descriptions of each of the computational modules are provided. The descriptions
of these modules are organized to closely mirror the actual structure of the codes. For simplicity,
the model has been developed using only System International (SI) units.

3.2 Scenario Data
The scenario data is essentially a collection of all of the input data. As shown in Figure
2, the categories of this data are: (1) project; (2) links; (3) signals; (4) receptors; (5) vehicle
types; and (6) meteorology. The following sections describe each of these sets of data.

3.2.1 Project Data
Project data are basically global in nature. It includes a title for the scenario that can also
serve as descriptions/comments. This category also includes temporal specifications for
simulation and concentration sampling time increments. The default for each of these time
increments is one second. The choice of this value was partly based on following the convention
used by existing traffic simulation models. It was also based on a tradeoff between runtime and
accuracy. In order to keep runtimes as small as possible, a sensitivity analysis (see Section 5.1)
was conducted to determine the longest runtime (approximately 1 second) that would still
produce acceptable results. In addition to time increments, the project data also includes a
specification for the total runtime.
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3.2.2 Links Data
A link is equivalent to a lane on a roadway, and requires specifications of the Cartesian
coordinates (XYZ coordinates) for each end of the link. This specifies not just the geometric
layout of the intersection but also indicates the direction of traffic flow on each link (i.e., through
the head/first and tail/second specifications of the coordinates). Links data also includes
specifications of traffic volumes and cruise speeds and TO-LINKs. “TO-LINK” is the term used
to describe the next link a vehicle is expected to move “to.” Lastly, the links data also includes a
specification on whether or not a stop sign exists at the end of each link. This is essentially a
“yes” or “no” parameter.

3.2.3 Signals Data
The signal data is relatively straightforward and intuitive. The signal name, the
identification (ID) number of the link that the signal is on, and the signal position on the link are
all specified along with the individual green, yellow, and red phase time intervals. In addition,
the data also needs to include the start phase (i.e., which phase to start with) and the start time
(point in the overall signal cycle) that the signal timing should start from. For example, if the
user specified that the green phase was 20 seconds long with a green start phase and a start time
of 5 seconds for a lane group, then when the simulation started, the signal would start in the
green phase at the beginning of the simulation and would turn yellow after 15 seconds. This type
of data would be specified individually for each signal on a lane group.
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3.2.4 Receptors Data
The receptors data are very straightforward. The data are simply composed of receptor
names and their XYZ coordinates. The names allow for easy identification of the receptors, and
the coordinates allow the receptors to be located at any position around an intersection including
being collocated at different heights (i.e., different Z values).

3.2.5 Vehicle Types and Emissions Data
The vehicle types modeled in TRAQSIM are mostly based on types defined in CMEM.
TRAQSIM uses all 26 light-duty CMEM vehicle types and adds 5 more based on vehicle types
from the MOBILE6 model for a total of 31. These types are shown in Table 2.
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Table 2
Vehicle Types used in TRAQSIM
TRAQSIM ID CMEM IDa MOBILE6 Type TRAQSIM ID CMEM ID MOBILE6 Type
1
1
17
17
2
2
18
18
3
3
19
19
4
4
20
20
5
5
21
21
6
6
22
22
7
7
23
23
8
8
24
24
9
9
25
25
10
10
26
40
11
11
27
HDGV
12
12
28
LDDV
13
13
29
LDDT
14
14
30
HDDV
15
15
31
MC
16
16
a
See Table 3 for descriptions of CMEM vehicle types
Note: ID = Identification Number; HDGV = Heavy-Duty Gas Vehicle; LDDV = Light-Duty
Diesel Vehicle; LDDT = Light-Duty Diesel Truck; HDDV = Heavy-Duty Diesel Vehicle; MC =
Motorcycle.

The user must specify the VMT fraction of each vehicle type (or fraction of vehicle counts if
VMT is assumed similar for all vehicle types for simplicity or data deficiency). The sum of
these fractions (sum of all 31 values) must equal 1. As indicated in Table 3, all of the CMEM
vehicle types are light-duty cars and trucks.
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Table 3
CMEM Vehicle Type Descriptions
CMEM ID
Description
Normal Emitting Cars
1
No catalyst
2
2-way catalyst
3
3-way catalyst, carbureted
4
3-way catalyst, FI, >50K miles, low power/weight
5
3-way catalyst, FI, >50K miles, high power/weight
6
3-way catalyst, FI, <50K miles, low power/weight
7
3-way catalyst, FI, <50K miles, high power/weight
8
Tier 1, >50K miles, low power/weight
9
Tier 1, >50K miles, high power/weight
10
Tier 1, <50K miles, low power/weight
11
Tier 1, <50K miles, high power/weight
24
Tier 1, >100K miles
Normal Emitting Trucks
12
Pre-1979, <8500 GVW
13
1979 to 1983, <8500 GVW
14
1984 to 1987, <8500 GVW
15
1988 to 1993, <3750 LVW
16
1988 to 1993, >3750 LVW
17
Tier 1 LDT2/3, 3751-5750 LVW or Alt. LVW
18
Tier 1 LDT4, 6001-8500, >5750 Alt. LVW
25
Gasoline-powered, LDT, >8500 GVW
40
Diesel-powered, LDT, >8500 GVW
High Emitting Vehicles
19
Runs leans
20
Runs rich
21
Misfires
22
Bad catalyst
23
Runs very rich
Note: FI = Fuel Injected; GVW = Gross Vehicle Weight; LVW = Loaded Vehicle
Weight; LDT = Light-Duty Truck.

The 5 MOBILE6 vehicle types used in TRAQSIM generally include those not in the
CMEM vehicle types. An overlap exists with the MOBILE6 diesel (LDDV and LDDT) and
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CMEM diesel (#40) categories. Because it was unclear how the CMEM diesel vehicle type
related to the MOBILE6 diesel vehicle types, they were all included rather than trying to exclude
any repetitive types. This means that the user will need to make a judgment as to which types
are appropriate for his/her modeling. More details concerning the vehicle types in MOBILE6
and CMEM can be found in the respective model user’s guides (EPA 2002 and Barth 2001).
In addition to the vehicle types, the user must also specify the transient (hot and cold) and
stabilized mode percentages (see Section 2.2.1 for descriptions of these modes). These values
allow proper modeling of engine conditions. Section 3.4.1 describes further how mode-specific
emission factors were derived from CMEM.
Ideally, the hot, cold, and stabilized percentages refer to the percent of VMT experienced
by all vehicles. As an approximation, these values can also reasonably represent percentages of
vehicle counts associated with these modes if it is assumed that VMT are relatively similar for
each vehicle type.

3.2.6 Meteorology
Meteorological data includes wind information (speed and direction), temperature,
mixing height, surface roughness, and stability class. The heights associated with the
temperature and wind information are also necessary. Either one set of average data for the
simulation period (i.e., 1 hour) can be used or several sets of time-varying data can be used. This
time-varying capability allows for a temporally-refined level of analysis.
Due to the simplicity of the input meteorological data, very little processing is actually
required. Indeed, the only initial processing required are unit conversions of atmospheric
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temperature from Celsius to Kelvin and surface roughness from centimeters to meters.
Atmospheric pressure is always assumed to be 1 atm.

3.3 Traffic Simulation
Vehicle movements were modeled through the use of simple equations of motion and
with adherences to signal and stop sign rules. To realistically model actual driving behaviors,
stochastic cruise speeds were assigned to each vehicle and a car-follower algorithm was
implemented. The following sections describe each of the components within the Traffic
Simulation Module.

3.3.1 Vehicle Creation
Each individual vehicle is treated as a discrete moving source (or object) within the
simulation environment. Based on the traffic volume specified for a link, vehicles are created
randomly over the simulation period (i.e., 1 hour). The total number of vehicles at the end of the
simulation period will approximately equal the traffic volume specified by the user.
Vehicles are defined (created) and enter the simulation system with previously-defined
vehicles in mind. To prevent overlapping (or eventual collisions), vehicles are only added to a
link if it will not overlap with the positions of other vehicles including a gap space of 2.5 m. Due
to this restriction, the total number of vehicles created would normally be lower than the total
specified each time the simulation is run. That is, due to this restriction, a vehicle(s) that is
prevented from being created is simply thrown out, thereby resulting in a lower total number of
vehicles. However, a heuristic algorithm was developed that “artificially” adds the deficient
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number of vehicles back onto the links at the closest available opportunities (i.e., as soon as
space opens up on each link). Therefore, the total number of vehicles created from the uniform
distribution (rather than what the user would specify) is preserved. Thus, the average of the total
number of vehicles for each link from running many simulations would equate to the total
specified by the user. The artificiality of inserting these vehicles is not expected to have any
significant disruptions on the randomness of the vehicle creation process because they appear to
affect less than 10% of traffic volumes under most conditions.
As a vehicle is created and enters a link, it possesses the specified cruise speed of the link
with some stochastic variation. Therefore, all new vehicles are initially assigned to the cruise
mode. The variation is accomplished by randomly selecting from a normal distribution around
the specified cruise speed. An arbitrary but reasonable standard deviation of 5 mph is used with
caps placed at the 20 and 80 percent levels (i.e., to prevent very large deviations in the assigned
speeds). In addition to the assignment of various vehicle properties such as speed, length, link
ID, etc., a predetermined set of TO-LINKs is also assigned. This allows the traffic algorithms to
conduct forward-looking analysis to anticipate changes in modal activities due to the possible
existence of signals and stop signs on TO-LINKs (e.g., if the TO-LINK is very short and has a
signal on it).
In terms of geometric shape, all vehicle types are modeled as one of four types: (1) lightduty vehicle (passenger car and light-duty truck), (2) medium truck, (3) heavy-duty vehicle, or
(4) motorcycle. The overall dimensions for each type are presented in Table 4.
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Table 4
Generic Vehicle Type Dimensions

Vehicle Type
Light-Duty Vehicle
Medium Truck (“Single-Unit Truck”)
Heavy-Duty Vehicle (e.g., “Large Truck”)
Motorcycle

TRAQSIM ID
1-17, 19-24, 28, 29
18, 25, 26
27, 30
31

Length
(m)
5.8
9.1
16.7
3.0

Width
(m)
2.1
2.6
2.6
1.0

Height
(m)
1.3
4.1
4.1
1.2

The specifications for the light-duty vehicle, medium truck, and heavy-duty truck categories
were obtained from the American Association of State Highway Transportation Officials
(AASHTO) (AASHTO 1994). The specifications for the light-duty vehicle, medium truck, and
heavy-duty vehicle were based on a “passenger car,” “single unit truck,” and “large truck”
categories, respectively. The specifications for the motorcycle category were estimated based on
popular pictures/drawings with the height based on inclusion of the driver. The corresponding
exhaust emission heights are indicated below:

Light-duty vehicle emission height = 0.315 m
Medium truck emission height = 4.1 m
Heavy-duty vehicle emission height = 4.1 m
Motorcycle emission height = 0.5 m

The emission height for the light-duty vehicle represents an average value derived from field
measurements as explained in Section 3.5.3. But the emission height for the motorcycle
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category was estimated from popular pictures/drawings. The emission heights for the medium
truck and heavy-duty vehicle were set equal to the overall height due to the generally vertical
direction of the exhaust on these vehicle types.

3.3.2 Signal Phase
Signal timings are controlled through the use of a timing algorithm that monitors each
signal’s elapsed time for each phase. Based on user-supplied signal time information, each
signal’s phase is changed accordingly based on the user-supplied cycle length. To properly
model the signal interactions at an intersection (i.e., to prevent vehicle collisions), the start
phases and start times mentioned in Section 3.2.3 must be properly specified. Although this
places the burden on the user to conduct some processing of raw signal timing data in order to
specify these start conditions, the nature of TRAQSIM’s signal data requirements is very
straightforward and easy to understand. The decision logic to decelerate, continue movement, or
accelerate are discussed in sections 3.3.3 and 3.3.4.

3.3.3 Vehicle Operational Properties
The purpose of this component is to determine and update all of the operational
properties associated with each vehicle. These properties are used to make decisions related to
signals and stop signs. They are also used by the car-follower algorithm to properly space the
vehicles. The properties include the distances from the vehicle to the closest signal and stop
signs, distance to the leader, distance to the end of a link, the lowest position held by a vehicle on
each link, the decision distance, and the minimum stopping distance.
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The decision to decelerate at a signal (e.g., for a red light) or a stop sign is determined by
comparing the distance to these objects with the decision and minimum distances. The minimum
distance is based on Newton’s equation of motion as indicated in Equation 6.

MD = - (V2 / 2d)

(6)

where MD = Minimum Distance (m)
V = speed of vehicle (m/s)
d = deceleration rate (m/s2)

A comfortable “maximum” deceleration rate of 3 m/s2 (6.7 mph/s) is used is used to determine
the minimum distance. At this value, the driver will still be able to stop the vehicle in a safe
manner (ITE 1999). The decision distance is calculated as shown in Equation 7.

DD = 0.218V2 + 1.188V + 4.425

(7)

where DD = Decision Distance (m)

Equation 7 was derived through regression analysis (R2 = 0.9999) of data in the Traffic
Engineering Handbook (ITE 1999). The data was regressed because for model implementation
purposes, it was deemed easier to work with a regressed equation rather than a lookup table. For
the same vehicle speed, the decision distance is always greater than the minimum distance (i.e.,
the distance required to bring a vehicle to stop). As the name implies, the decision distance is a
criteria used to make a decision concerning the movement of the vehicle; either the vehicle
continues with its current state of movement or it starts to decelerate.
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Another property monitored in this section is a counter used to model startup lost times.
The counter is set to zero each time the signal turns green. A preset value of 2 seconds is used to
estimate the lost time associated with the startup of the first vehicle in a queue. This 2 second
value was obtained from the Highway Capacity Manual, and since it is the “high end” for lost
times, it represents a conservative value (TRB 1985). For simplicity, just the first vehicle is
explicitly assigned a startup lost time. Although the follower vehicles do not have lost times
assigned to them, they are all affected by the leader’s startup lost time. For air quality modeling
purposes, this is believed to be a reasonable simplification of traffic movements.

3.3.4 Vehicle Logic
This component of the simulation determines what mode (i.e., acceleration, deceleration,
cruise, or idle) each vehicle should be in and what speed or acceleration (negative for
deceleration) should be applied each vehicle. The operational vehicle properties determined in
the component described in Section 3.3.3 are heavily used in this section.
Although the effects of signal phases may seem obvious, they should nonetheless be
explicitly stated to avoid any confusion. A green signal only affects a vehicle’s movement if the
vehicle had been in a deceleration mode due to a red signal. In this case, the vehicle will begin
to accelerate past the green signal to reach its assigned cruise speed. If the vehicle had already
been in the cruise mode (at its assigned cruise speed), then it will simply move past the green
light without being affected. Red and yellow lights behave identically in causing vehicles to
decelerate for an eventual stop. Vehicles “see” yellow lights exactly like a red light; driver
behaviors such as speeding up at yellow lights are not modeled. However, if a vehicle is too
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close to stop at a signal (i.e., distance to signal is less than minimum distance), then the vehicle
will simply treat the yellow signal as a green signal and continue past the signal.
As explained in Section 3.3.3, once a signal turns green, a startup lost time of 2 seconds
is applied to the first vehicle in a queue. Only after the 2 seconds have elapsed does the first
vehicle begin to accelerate. The follower vehicles are forced to wait behind this leader during
the 2 seconds.
Similar to signals, stop signs also need to be explained. The model has been designed
such that unlike signals, stop signs can only exist at the end of a link. That is, the user can only
place stop signs at the end of a roadway. Similar to a red or yellow signal, stop signs always
cause vehicles to decelerate to a stop. However, once a vehicle has stopped, it is free to
accelerate again with no delays modeled. This is believed to be an “average” representation of
actual situations where some drivers may halt for a moment at a stop sign before accelerating
while others may simply slow down, then accelerate with no stoppage at all (even with oncoming vehicles as long as they can “safely” move onto the TO-LINK). There is currently no
intelligent logic to control decisions made during unprotected turns for vehicles merging onto
through lanes. The possibility exists that vehicles could overlap due to this deficiency but will
quickly be spaced-out by the car-follower algorithms. This is also true for intersections with stop
signs in multiple directions (e.g., 4-way stop signs). This deficiency arises from the fact that the
logic required to take into account the gap spacing between vehicles in order to properly merge
onto a through lane is very difficult to implement. Although this logic was left out, it is
justifiable for several reasons: (1) the car-follower algorithm will quickly space-out any
overlapping vehicles; (2) the fidelity of the input data and the accuracy of results for a model of
this type does not warrant such accuracy in the traffic movements; and (3) turning movements
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are generally small in comparison to through traffic volumes, and therefore, will contribute little
to the overall concentrations at receptors.
Comparing the decision and minimum distance properties (as described in Section 3.3.3)
to a vehicle’s distance to a stop sign or a signal, a decision is made to determine how the vehicle
will react. For a red or yellow signal, the following scheme is followed in determining the
reaction:

•

IF vehicle distance to signal > DD, THEN vehicle not affected by signal.

•

IF vehicle distance to signal < DD AND vehicle distance to signal > MD, THEN vehicle
starts to decelerate.

•

IF vehicle distance to signal < MD, THEN vehicle not affected by signal.

The last condition implies that if a vehicle is too close to a signal to safely stop, then it will
simply move past the red or yellow signal. Similar conditions also apply to stop signs as well.
After the vehicle properties indicate that a decision should be made to eventually bring
the vehicle to a stop (idle condition), the deceleration rate of the vehicle is calculated through the
use of Newton’s equation of motion as indicated by Equation 8.

d = - V2 / 2D

(8)

where d = deceleration rate (m/s2)
D = distance to stop behind signal, stop sign, or leader vehicle (m)
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The leader vehicles (those that do not have a vehicle in front of them) are only ones that
are directly affected by signals and stop signs. With no obstructions, these vehicles always
“desire” to attain the cruise mode at their assigned cruise speeds. Since each vehicle’s
predetermined cruise speed is a cap, there are no conditions under which a vehicle will ever
exceed its cruise speed. When a vehicle is at a speed less than its cruise speed and is free to
accelerate, it will do so according to the linear relationship shown in Equation 9.

a = alpha – beta(V)

(9)

where a = acceleration rate (m/s2)

The derived values for the “alpha” (y-intercept) and “beta” (slope) parameters are shown in
Table 5 using metric units.

Table 5
Vehicle Acceleration Parameters for Equation 9
Vehicle Type
Light-Duty Vehicle and Motorcycle
Medium Truck
Heavy-Duty Vehicle

alpha (m/s2)
1.71
0.84
0.37

beta
0.043
0.055
0.02

The alpha and beta values shown in Table 5 were derived from data in the 1990 “Green Book”
by AASHTO, and they represent “design” conditions (AASHTO 1990 and Long 2000). From
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this source, the parameters for light-duty vehicle, medium truck, and heavy-duty vehicle
correspond to passenger car, single unit truck, and large truck (“WB-15” in metric units),
respectively. Since data for motorcycles was unavailable, the parameters for light-duty vehicles
were used as an approximation. Equation 9 represents a negatively sloping line, and the lightduty vehicle data is plotted in Figure 3 as an example.
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Figure 3: Acceleration Rate as a Function of Speed

As indicated by Figure 3, the acceleration rate is approximated by linear attenuation with
increasing speed. Although the acceleration will theoretically become zero at a high-enough
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speed, this condition will typically not be encountered for light-duty vehicles and motorcycles in
the simulation because speeds typically observed at intersections are much lower than the higher
speeds (greater than 88 mph) required to approach zero acceleration. However, similar plots for
medium trucks and heavy-duty vehicles show zero acceleration occurring at approximately 34
mph and 42 mph, respectively. Therefore, to prevent situations where Equation 9 would
generate zero or even negative accelerations (i.e., decelerations), a lower cap has been
implemented at an arbitrary but reasonable low value of 0.2 mph/s which is expected to be
within the performance capabilities of these larger vehicle types at urban cruise speeds.
These aforementioned acceleration and deceleration rules and movements primarily
apply to leader vehicles. For follower vehicles, a car-follower model has been implemented.
Specifically, the core NETSIM car-follower equations have been implemented into TRAQSIM.
Although there are many car-follower models that have been promulgated by various sources,
the one in NETSIM was chosen because it is a well-known and accepted model. The basic
principle behind this car-follower model is represented by Equation 10 and Figure 4.

XL – Xf > L

(10)

where XL = Stopped position of leader vehicle (m)
Xf = Stopped position of follower vehicle (m)
L = Length of typical vehicle
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Figure 4: Leader and Follower Vehicle Position

Equation 10 is a mathematical representation of the prevention of vehicles colliding or
overlapping. With substitutions of equations of motion for XL and Xf, the resulting equations
can be used to determine the acceleration (or deceleration) of each follower vehicle:

a or d = F1 / F2

(11)

F1 = - Lg + XL + (VL2 / (2dL)) - Xf - (Vfdt)-(VfRT)-(Vf2 / (2df))

(12)

F2 = ((1 / 2)dt2) + (dtRT) + (Vf dT / df)

(13)

where a or d = Acceleration or deceleration rate (m/s2)
F1, F2 = Intermediate variables
Lg = Length of vehicle plus gap (8.8 m)
VL = Speed of leader vehicle (m/s)
dL = Nominal deceleration rate of leader vehicle (3 m/s2)
Vf = Speed of follower vehicle (m/s)
dt = Runtime increment (s)
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RT = Reaction time (1.5 s)
df = Nominal deceleration rate of follower vehicle (3 m/s2)

The derivation of these equations can be found in Aycin 1999. For the Lg value, a length of 2.5
m was used as a reasonable gap which was added to the vehicle length (5.8 m) for a total of 8.8
m. The 2.5 m gap length was chosen as a reasonable minimum distance to further increase the
spacing between vehicles. Even without this distance, the car-follower equations will cause
spaces to exist between vehicles, but the gap was added to be a little more conservative. For the
reaction time (RT), an average value of 1.5 s was derived from the Traffic Engineering
Handbook which appear to agree with monitored data (ITE 1999). The nominal deceleration
rates for the leader and follower vehicles (dL and df) were set as constants (3 m/s2) because the
equations of motion used to derive equations 12 and 13 are based on constant deceleration rates.
And the 3 m/s2 values are conservatively high in order to account for situations where the
follower vehicle would need to stop quickly; smaller values could results in collisions depending
on the modeled scenarios.

3.3.5 Vehicle Movement
After the vehicle logic component (Section 3.3.4) determines the mode and the
acceleration/deceleration rate of each vehicle, the vehicle movement component determines the
resulting vehicle speeds and positions. The equations of motion used to accomplish this are
shown below:
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Vn = Vo + a (dt)

(14)

Xn = Xo + Vn (dt)

(15)

where Vn = New vehicle speed (m/s)
Vo = Previous vehicle speed (m/s)
Xn = New vehicle position (m)
Xo = Previous vehicle position (m)

In addition to these speed and positional updates, a set of “tightening” algorithms have
also been implemented. First, although the equations of motion and the car-follower equations
are set such that follower vehicles should generally stop very close to the specified gap (2.5 m)
between vehicles, sometimes they come to rest before the exact gap is reached due to the
interactions with the leader vehicles and/or signals and stop signs. Therefore, an algorithm has
been put in place to allow the vehicle to crawl forward at 2.5 mph (EPA’s typical idle speed
definition) until the gap is reached. Similarly, leader vehicles will crawl forward until their front
bumpers are just touching the stop lines. Second, algorithms have also been created to prevent
decelerating leader vehicles from coming to rest just past a signal or stop sign. The algorithm
simply stops a vehicle before it actually crosses the signal or stop sign. This is justifiable since
by the time the decelerating vehicle is near the signal or stop sign, it will possess very low speeds
(crawling speeds). Finally, to prevent any mathematical anomalies due to the precision of the
floating point numbers used in the software, caps have been placed at both the high and low ends
of the speed spectrum. No vehicle may possess speeds below 0 mph or greater than the
stochastically assigned cruise speed no matter how small the difference. These algorithms and
caps provide a more “clean” modeling environment.
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3.3.6 End-of-Link Effects
At the end of a link, a leader vehicle will generally experience one of two things.
Notwithstanding the effects of a signal or stop sign that might be placed at the end of the link, a
vehicle will either continue onto a TO-LINK or be deleted from the scenario once it has reached
the end of the link. If no TO-LINK exists, the vehicle will be deleted, and therefore, will not be
able to further affect any of the scenario parameters. If only one TO-LINK exists, the vehicle
will simply move onto the new link at its current speed and mode. If more than one TO-LINK
exists, then the user-supplied TO-LINK distribution for the parent link (i.e., the link the vehicle
had been on) will be used to randomly assign one of the TO-LINKs to the vehicle.

3.4 Modal Emissions
In order to model emissions from vehicles during each simulated time increment, a modal
emissions modeling capability was implemented within TRAQSIM. This section describes the
development of this capability and the input requirements.

3.4.1 CMEM Lookup Table
The modal emissions modeling capability is essentially based on a lookup table of
CMEM outputs. CMEM was chosen for its ability to model second-by-second emission factors,
various vehicle performance parameters and environmental effects such as road grade. Although
not all of these features were incorporated into TRAQSIM, they allow the potential for
TRAQSIM to be further improved in the future. Other models provide at least some of these
capabilities, but many of them were developed based on data from older fleets and are not
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readily available for public use. Currently at Version 2.02, CMEM is expected to be further
improved and/or expanded with the eventual inclusion of non-light-duty vehicle types (e.g.,
heavy-duty vehicles). Furthermore, the model allows relatively easy development of speedacceleration matrices of emission factors. Indeed, the user’s guide exemplifies the development
of such lookup tables and suggests their use with traffic simulation models such as NETSIM,
FRESIM, etc. (Barth 2001).
CMEM has also undergone an extensive validation effort that showed very good
agreement with measured data. Testing on independent driving cycles (i.e., cycles on which
CMEM was not developed), the lowest R2 values were found to be greater than 0.80 with most
tests achieving higher than 0.95 R2 values (Barth 2001). The tests also showed little or no bias
for most of the second-by-second comparisons (Barth 2001).
The lookup table for this work was developed by running CMEM on a matrix of speed
and acceleration combinations. Speed and acceleration were chosen because they represent the
key parameters affecting a vehicle’s power demand. The outputs from CMEM that were used to
form this lookup table are second-by-second CO emission factors in g/s.
The speed and acceleration values range from 0 to 80 mph and –6 to 6 mph/s,
respectively. Some deceleration rates modeled in TRAQSIM could be lower than –6 mph/s. In
these cases, the emission rates are set equal to the emission rates corresponding to the largest
deceleration rates listed in the table, –6 mph/s. This is justified because the emission rates at this
deceleration value will have stabilized to a constant rate. In general, stabilization of emission
rates usually occur well before the –6 mph/s level is reached.
On the other end, CMEM places caps on vehicle performance related to “high”
combinations of speed and acceleration. Similar to the stabilization of emission rates at high
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deceleration values, the effect of the performance caps is to stabilized (make constant) the
emission rates, which implies that vehicles have physical limitations that prohibit them from
exceeding certain combinations of speed and acceleration. For example, at 45 mph, any
acceleration rates above 5 mph/s will essentially produce the same emission rate for most vehicle
types in CMEM because they will not be able to attain such performance levels.
In generating the lookup table, each combination of speed and acceleration were fed into
CMEM as a set of three records with speed differences that corresponded to the acceleration rate.
For example, as shown in Table 6, a speed-acceleration combination of 10 mph and 2 mph/s
included second-by-second points before and after with the differences in speeds equating to an
acceleration of 2 mph/s.

Table 6
Speed-Acceleration Combination Example
Speed (mph)
8
10
12

Acceleration (mph/s)
2
2
2

Only the resulting emission rates for the middle combination (i.e., 10 mph and 2 mph/s)
were used. The results corresponding to the additional preceding and trailing points were
unused; they were removed from the lookup table. These points’ only purpose was to minimize
any effects of hysteresis and/or forward-looking by the model as it generated results for the
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middle dataset. This process of removing the outer data and using just the middle dataset was
conducted for all combinations of speed and acceleration. The resulting final lookup table (or
matrix) of emission factors is based on speed, acceleration, and vehicle ID number. Table 7
shows an excerpt from this table.

Table 7
Sample Excerpt from CMEM Lookup Table of Stabilized CO Emission Factors
Vehicle ID
etc.
1
1
1
1
1
1
1
1
1
1
1
etc.

Speed (mph)
etc.
30
30
30
30
30
30
30
30
30
31
31
etc.

Acceleration (mph/s)
etc.
-2
-1
0
1
2
3
4
5
6
-6
-5
etc.

CO (g/s)
etc.
0.0346
0.0346
0.0385
0.0584
0.0884
0.1539
0.5431
2.0912
3.2057
0.0346
0.0346
etc.

All of the speed and acceleration values in the lookup tables are whole numbers.
Therefore, interpolation is required to derive emission rates for non-whole number speeds and/or
accelerations. Specifically, a two-step interpolation process is required due to the multidimensional nature of this data. A lookup table was preferred over regressed equations because
the aforementioned stabilization and caps on emissions make regression fits less accurate. Even
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if regressed equations that closely match the lookup table values could have been developed, the
complexity of the equations would likely have increased the overall model runtimes.
Although the use of the lookup table precludes the ability to use the more detailed vehicle
parameters within CMEM, the comprehensive vehicle type categories allow a much more refined
level of modeling than would be possible using aggregated vehicle categories from other simpler
modal emissions models. By specifying the VMT fraction of each of the 26 CMEM vehicle
types (shown in Table 3), the user also indirectly takes into account vehicle age, finer weight
ranges, emissions controls, and certain measures of performance.
The sample data shown in Table 7 corresponds to the stabilized mode. In developing the
stabilized lookup table, the soak time parameter for each vehicle type in CMEM was set to zero.
Since the soak time is defined as the engine-off period, setting this value to zero in CMEM
results in estimation of emission rates from vehicles that are in a stabilized mode (Barth 2001).
In addition to the stabilized lookup table, two similar tables were developed to represent
the hot and cold transient modes. The hot transient lookup table was developed by setting the
soak time for each vehicle to 10 minutes and the cold transient lookup table was developed by
setting the soak times to 1440 minutes (24 hours) as prescribed in the CMEM User’s Guide
(Barth 2001). In addition to these soak times, the only other difference in developing these
tables was that the sets of three values for each speed-acceleration combination (see Table 6)
were not used. Random tests showed virtually insignificant effects due to hysteresis and/or
forward-looking effects in CMEM. Therefore, to greatly simplify the processing work, each
speed-acceleration combination was specified singly without any before or after entries. Each of
the hot and cold tables appear identical to the stabilized table but with different CO emission
factors. In general, both the hot and cold transient emission factors for a speed-acceleration
51

combination are greater that the stabilized emission factors with the cold transient emission
factors being the greatest.
The user-supplied hot, cold, and stabilized percentages as described in Section 3.2.5 are
used as a distribution of engine-conditions to randomly assign each vehicle to one of these
modes. Therefore, based on this assignment, the appropriate lookup table is used to model each
vehicle’s emission factors. Since the engine-on period of each vehicle is unknown prior to its
arrival at the intersection, a change in mode (i.e., transient to stabilized) cannot be properly
modeled. Therefore, all vehicles are assumed to stay in the originally assigned engine
conditions. This is a reasonable assumption in part because vehicles generally spend much less
than 505 seconds at an intersection. Also, the modeling of constant modes is in keeping with the
need to uphold the input percentages. If the modes changed, then the percentages would not be
accurately modeled.

3.4.2 Vehicle Emission Factor Scaling
In addition to the 26 light-duty CMEM vehicles used in TRAQSIM, scaling factors were
employed to model additional vehicle types not covered by CMEM. The scaling factors were
derived by comparing MOBILE6-computed emission factors for light-duty gas vehicles (LDGV)
with 5 other vehicle types. The derived scaling factors are shown in Table 8 with the
corresponding regression fits presented in Table 9.
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Table 8
Scaling Factors based on Speed
Speed (mph)
2.5
3.5
5
7.5
10
15
20
25
30
35
40
45
50
55
60
65

HDGV
4.282
4.948
5.792
5.574
5.422
4.207
3.295
2.665
2.238
1.954
1.758
1.672
1.681
1.788
2.009
2.388

LDDV
0.073
0.086
0.103
0.105
0.106
0.09
0.077
0.067
0.06
0.055
0.05
0.048
0.046
0.046
0.047
0.049

LDDT
0.125
0.148
0.176
0.179
0.18
0.152
0.129
0.112
0.1
0.091
0.083
0.078
0.076
0.076
0.078
0.082

HDDV
0.813
0.949
1.123
1.103
1.089
0.868
0.691
0.563
0.472
0.407
0.359
0.331
0.319
0.323
0.342
0.38

MC
1.803
1.989
2.224
2.275
2.311
2.268
2.247
2.196
2.114
2.016
1.904
1.832
1.782
1.736
2.219
2.678

Table 9
Regression Fit of Emissions Scaling Factors based on Speed
Coefficient
a
b
c
d
e
f

HDGV
1.91E-07
-3.53E-05
0.002407
-0.0707
0.7158
3.223

LDDV
3.27E-09
-6.15E-07
4.28E-05
-0.00131
0.01511
0.04765

LDDT
5.59E-09
-1.05E-06
7.31E-05
-0.00224
0.02564
0.08284

HDDV
3.69E-08
-6.92E-06
0.000478
-0.01436
0.1530
0.5730

MC
3.74E-08
-6.07E-06
0.000388
-0.01215
0.1670
1.536

R2
0.983
0.978
0.979
0.985
0.941
5
4
3
2
Note: Regression based on a fifth-order polynomial: y = ax + bx + cx + dx + ex + f
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The scaling factors in Table 9 were derived by dividing the MOBILE6 emission factors
of a vehicle type (e.g., HDGV) by the LDGV emission factor. That is, the emission factors for
each of the 5 vehicle types were normalized by the emission factor for the LDGV vehicle type at
the corresponding speed. These scaling factors were regressed to allow for easier modeling in
TRAQSIM.
The scaling factors are applied by multiplying the factors by the modal emission factor
for vehicle ID number 5 from the CMEM lookup table. From analyzing example distributions
provided in the CMEM User’s Guide (Barth 2001) and from TRAQSIM validation tests (see
Section 5), the most popular light-duty gas-powered vehicle appears to be CMEM vehicle 5.
That is, this vehicle appears to correspond closest to the MOBILE6 LDGV category. Although it
may have been possible to aggregate the CMEM vehicle categories to more closely match the
MOBILE6 LDGV category, such a scheme would have reduced the specificity of the use of
CMEM vehicle types which, as previously discussed, allows the indirect modeling of vehicle
ages, finer weight ranges, etc.

3.5 Atmospheric Dispersion
Atmospheric dispersion modeling in TRAQSIM is centered around the use of Gaussian
puffs. All of the dispersion-related data are used to move and/or grow these puffs. For
comparison purposes, Figure 5 shows simplified representations of pollutant gases emitted from
a stationary point source as a Gaussian plume and as Gaussian puffs.
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Figure 5: Gaussian Plume and Puffs

A plume is based on steady-state conditions such that the “boundaries” are typically described
using standard deviations (sigma values). The basic Gaussian or normal distribution is presented
as Equation 16 and shown in Figure 6.

F(X) = {1/(σ(2π)1/2)}exp(-(X-µ)2/2σ2)
where F(X) = Gaussian or normal function
σ = Standard deviation of distribution
π = PI = 3.141592654
X = Independent variable
µ = The X value at which the peak F(X) occurs
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(16)
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Figure 6: Gaussian or Normal Distribution

A Gaussian distribution has no actual boundaries since it extends to infinity in both
directions. Therefore, a Gaussian plume theoretically extends in each of the four directions (-y,
+y, -z, and +z) to infinity unless barriers such as the ground are reached, at which point
reflections will occur. As such, the concentration of a pollutant modeled by a plume also
theoretically extends in each of these directions, but is greatest (most concentrated) near the
center of the y and z axes as depicted in Figure 6. Concentrations also vary along the x-axis (the
wind direction) in a plume, but instead of a Gaussian distribution, it is based on an inverse
relationship to the wind speed. Therefore, the x, y, and z components of the overall Gaussian
Plume equation presented as Equation 16 can be described as downwind, crosswind, and vertical
factors, respectively (Turner 1994).
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A Gaussian puff can be described in much the same way as a plume with the puff
theoretically extending to infinity in the –x and +x directions as well. Also, due to the fact that
TRAQSIM models time-varying meteorological conditions (e.g., changes in wind direction), the
x-direction does not necessarily coincide with the wind direction. Both of the horizontal (x and
y) components of the wind are taken into account as appropriate. Figure 7 shows the Lagrangian
framework under which Gaussian puffs are modeled in TRAQSIM.

z
Z
Puff

X

Y
Absolute
Coordinates

x

y

Relative
Coordinates

Modeling Domain
Figure 7: Lagrangian Modeling Framework

Unlike a Eulerian concept where all modeling is generally conducted in relation to an
absolute (fixed) coordinate system, the Lagrangian framework involves the use of a relative
coordinate system whereby the growth and merging of the puffs are modeled based on these
local coordinates. Ultimately, all of the modeling is eventually tied back to the absolute
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coordinates, but the use of a Lagrangian framework provides ease of modeling individual puffs.
Although not included in TRAQSIM, the Lagrangian methods would also allow easier modeling
of atmospheric effects such as chemical transformations and wind shear (possibly in a future
version of TRAQSIM). The following sections provide specific details on the application of
Gaussian puffs in a Lagrangian framework within the traffic simulation environment in
TRAQSIM.

3.5.1 Puff Creation
A puff is modeled as being expelled from each vehicle during each time step in the
simulation. By default, the time-step is set for 1 second. Upon creation, the position of a puff is
initially set to the geometric location of the vehicle’s exhaust point. The x and y location of this
point is positioned at the end of the vehicle irrespective of the vehicle type for simplicity. The
height of the exhaust point is based on the vehicle type as described in Section 3.3.1 and 3.5.3.
Also for simplicity, an assumption was made that the initial speed of the exhaust gases would
quickly dissipate resulting in the speed being insignificant for advection purposes. Therefore,
puffs are modeled as having zero speed upon creation. However, as explained in Section 3.5.3,
the speed of the exhaust is modeled for atmospheric rise purposes. For this reason, the vertical
speed of the exhaust gases are modeled as follows:

Light-duty vehicle = 0 m/s
Medium truck = 2.5 m/s
Heavy-duty vehicle = 2.5 m/s
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Motorcycle = 0 m/s

Light-duty vehicles and motorcycles are modeled with zero exhaust gas velocity due to the
generally horizontal direction of the exhaust gases on these vehicle types which provides no
vertical momentum. In contrast, the generally upward direction of the exhaust gases from
medium trucks and heavy-duty vehicles are modeled with a nominal speed of 2.5 m/s, a
reasonable estimate based on visual observations. Although this is the scheme used to model
momentum rise, common buoyant rise modeling methodologies require an exhaust gas speed
(for heat emission rate modeling) for each vehicle type such that the 2.5 m/s was used for lightduty vehicles and motorcycles as well. This 2.5 m/s estimated value is used for all vehicle types
and under all operating conditions. Therefore, there is room for improvement by collecting field
data to better estimate this value and to make it dependent on vehicle speed-acceleration
combinations.
Also for atmospheric rise modeling, the initial temperature of a created puff was assigned
empirically from a regressed equation based on data collected from field operations of two
vehicles. The data and regression analysis are presented in Appendix A. The resulting
relationship between speed and exhaust temperature is represented as Equation 17.

T = 0.026V2 + 0.081V + 324.5
where T = Exhaust gas temperature (K)
V = Vehicle speed (mph)
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(17)

Although acceleration and other factors (e.g., air conditioning, meteorological conditions, etc.)
affect a vehicles exhaust temperature, the necessary equipment to properly measure these factors
were not available. Therefore, speed was used as the lone variable in modeling exhaust gas
temperature. Over the course of a week, temperature measurements were taken driving 17
driving events (or cycles). Figure 8 shows a setup diagram of the temperature measurement
equipment.

Digital Meter

Exhaust

Temperature
Probe

Figure 8: Exhaust Temperature Measurement Setup on Vehicle

Since the digital thermometer’s probe chord was not long enough for the meter to be positioned
within the vehicle, it was attached to the outside of the trunk. A passenger recorded the
temperature data as the driver read the vehicle’s speed from the speedometer.
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As provided in Appendix A, a total of 288 data points were collected from test driving
two light-duty vehicles over various speed ranges. In order to obtain results that were
representative of the effects of other factors, various acceleration and air conditioner on/off
conditions were included randomly during measurements. It is believed that without being able
to include the effects of these factors directly, the various mixtures of these factors would
provide an overall average effect through the regressed equation (Equation 17). Because the
temperature probe was very slow in cooling down, it was determined that measurements could
only be conducted with increasing speeds. That is, accurate temperatures could not be provided
by the probe when the vehicle decelerated from, for example, 50 mph to 40 mph. The probe
would show little or no temperature change. Comparing with temperature changes through an
acceleration from 40 to 50 mph indicated that a noticeable temperature difference did exist
between the two speeds. Therefore, temperatures were only collected for increasing speeds.
However, data could still be collected from a situation where the vehicle decelerated to a lower
speed but then accelerate again past the speed before deceleration began. For example, the
vehicle could decelerate from 40 mph to 20 mph but then accelerate to 50 mph. In this situation,
data at speeds of 40 mph and above were deemed accurate even though there was a decrease in
speed.
During measurements, a lag in temperatures and speed was noticed. This was estimated
to be on the order of about 1-2 seconds which was due to both the exhaust gas residence time
within the vehicle and the reaction time of the temperature probe (i.e., warm up time). Rather
than trying to account for this time lag after the measurements, it was factored into the
measurements by taking measurements 1-2 seconds after the change in speed.
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3.5.2 Puff Advection Due to Wind
The advection of a puff by the mean wind is based on the assumption that the puff (center
of the puff) moves with the wind without any resistance. The puff is advected in the x and y
directions by the corresponding components of the wind. These horizontal (x and y) wind
components are calculated from the user supplied wind direction and wind speed as shown in
Equations 18 and 19.

Wx = -upsin(θ)

(18)

Wy = -upcos(θ)

(19)

where Wx and Wy = Horizontal wind speed components (m/s)
uz = Wind speed at the height of the center of a puff (m/s)
θ = Wind direction (degrees)

The wind speed (uz) at a puff’s height is determined by using a power law equation as indicated
by Equation 20 (Turner 1994).

uz = ur(z/zr)p

(20)

where ur = User-supplied wind speed at a reference height (m/s)
z = Height of the center of a puff (m)
zr = Reference height corresponding to user supplied wind
speed (m/s)
p = Power law exponent
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The power law exponent (p) is dependent on both the atmospheric stability class and surface
roughness as shown in Table 10.

Table 10
Power Law Exponent Values
Pasquill Stability Class
A
B
C
D
E
F
Source: (Turner 1994).

Rural Exponent (p)
0.07
0.07
0.10
0.15
0.35
0.55

Urban Exponent (p)
0.15
0.15
0.20
0.25
0.30
0.30

The power law equation and the exponent values in Table 10 are also used in the EPA’s ISC
model, the predecessor to AERMOD. The complex meteorological data requirements for
AERMOD precluded the possibility of incorporating AERMOD’s characterization of the PBL
into TRAQSIM because the data requirements would have been an undue burden for the user. In
contrast, the power law equation is not a burden to the user, was relatively easy to implement,
and likely reduced runtime.

3.5.3 Atmospheric Rise
Atmospheric rise (puff rise) is modeled using Briggs equations (Briggs 1971 and 1975).
A buoyancy flux is first calculated by using Equation 21.
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F = gved2(Te-Ta)/4Te

(21)

where F = Buoyancy flux (m4/s3)
g = Acceleration of gravity = 9.81 m/s2
ve = Velocity of exhaust gases (m/s)
d = Diameter of exhaust point (m)
Te = Temperature of exhaust gases (K)
Ta = Ambient air temperature (K)

Then Equation 22 is used to determine the gradual (transient) rise of a puff (Briggs 1972).

∆H = 1.6F1/3x2/3/uz

(22)

where ∆H = puff rise height after x distance traveled (m)
x = horizontal distance traveled by the puff (m)

Equation 22 is used to model gradual rise due to buoyancy of exhaust gases and does not model
the effects of momentum forces. Gradual rise due to momentum is assumed to be small or
insignificant compared to gradual buoyant rise (Turner 1994). Although this equation does not
specifically account for momentum rise, the final rise accounts for both momentum and buoyant
forces.
Final rise is modeled using empirical equations based on atmospheric stability. For the
unstable and neutral conditions (stability classes A-D), Equation 23 or 24 are used to determine
final buoyancy rise depending on the value of F (Briggs 1971 and Turner 1994).
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∆Hf = 21.425F3/4/uz

for F < 55

(23)

∆Hf = 38.71F3/5/uz

for F > 55

(24)

The subscript, “f,” is used to denote “final” rise. Equation 25 is used to calculate the momentum
rise for the same atmospheric stability conditions (Briggs 1969 and Turner 1994).

∆Hf = 3dveu/uz

(25)

where veu = Upward velocity of exhaust gases (m/s)

The final rise from Equation 25 is compared with the corresponding values from Equation 23 or
24, and the highest value is used to represent the final rise for the unstable and neutral
conditions.
For stable conditions (stability class E and F), an intermediate variable, the stability
parameter, is first determined from Equation 26 (Briggs 1971 and Turner 1994).

s = g(dθ/dz)/Ta

(26)

where s = Stability parameter (s-2)
dθ/dz = Change of potential temperature with height (K/m)

The stability parameter is then used to calculate buoyancy rise using Equations 27 and 28
(Briggs 1975 and Turner 1994).
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∆Hf = 2.6((F/(uzs))1/3

(27)

∆Hf = 4F1/4s-3/8

(28)

The lower of these two values represents the final buoyancy rise under stable conditions.
Momentum rise is calculated using Equation 29 for the same stable condition (Briggs 1969 and
Turner 1994).

∆Hf = 1.5((veu2d2Ta)/(4Teuz))1/3s-1/6

(29)

The momentum rise from Equation 29 is compared to the value calculated from Equation 25.
The lower of these two values represent the final momentum rise under stable conditions. Then
this lower momentum rise value is compared with the aforementioned lower buoyancy rise
value. The higher value is used to represent the final rise under stable conditions.
As discussed in Section 3.5.1, puffs emitted from light-duty vehicles and motorcycles are
modeled as having zero upward velocity (i.e., veu = 0). Therefore, these vehicle types have zero
momentum rises as calculated from Equations 25 and 29. However, they still possess a generally
horizontal velocity which is used to model heat emission rate that is indirectly included in the
calculation of Buoyancy Flux in Equation 21.
The diameter (d) and height (above ground) of the exhaust point varies by vehicle type.
For light-duty vehicles, it is based on field measurements of 20 typical light-duty vehicles as
shown in Table 11.
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Table 11
Exhaust Point Diameter Measurements

Vehicle Make
Dodge Caravan
Toyota Rav4
Toyota Solara
Subaru Planet
Ford F150 Truck
Nissan Extera
Ford Sport Truck
Honda Accord
Nissan Maxima
Honda Civic
Mitsubishi Eclipse
Toyota Tercel
Subaru Outback
Hyundai Accent
Toyota M2 Spyder
GMC Sonoma
Chevrolet Z26
Dodge Neon
Buick Century
Toyota Highlander

Probable
Year
2000
2000
2003
2001
2003
2001
2000
2001
1998
1999
2000
1998
2002
2002
2003
2000
1996
2001
1998
2004
Average:

Exhaust Point
Diameter (m)
0.05
0.05
0.085
0.045
0.06
0.06
0.05
0.06
0.05
0.045
0.075
0.045
0.055
0.045
0.05
0.055
0.075
0.05
0.045
0.06
0.0555

Exhaust Point
Height (m)
0.27
0.32
0.31
0.27
0.39
0.44
0.36
0.27
0.26
0.26
0.32
0.25
0.33
0.26
0.32
0.38
0.36
0.27
0.32
0.34
0.315

These vehicles in Table 11 were all found in the Weymouth, Massachusetts area within an
apartment and shopping complex parking lots. The exhaust diameters of medium and heavyduty trucks were approximated as twice that of light-duty trucks (i.e., 0.0555 m X 2 = 0.111 m).
And the corresponding exhaust heights for these medium and heavy-duty trucks were
approximated as the overall boundary heights from Table 4 (i.e., 4.1 m). Motorcycles were
assumed to have the same exhaust diameter but with an estimated height of 0.5 m. Field
measurements of these vehicle types can be conducted to refine this part of the model.
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The average exhaust point height for light-duty vehicles and the others indicated in
Section 3.3.1 are used as the basis (starting point) on which to add any momentum/buoyancy
rises determined in this Section. Although the gradual and final rises are modeled, downward
movements of a puff are not modeled. That is, the downward movements, possibly due to
cooling/density effects or the vertical components of the wind, are not included in TRAQSIM.
The puff is simply assumed to rise upwards due to momentum/buoyancy effects while entraining
the surrounding air. In large part due to the entrainment of the surrounding air, the puff will
decrease in temperature as it moves upward over time. Although not readily apparent, this
decrease in temperature is implicitly modeled by the empirical rise equations.

3.5.4 Vehicle Wake Drag Effects
As a vehicle travels along a roadway, it produces a wake region behind the vehicle that
has a pulling effect on nearby objects. This pulling effect can drag puffs for short distances and
can result in a “channel” of pollutants. Hereinafter, this effect will be referred to as the “drag
effect” (e.g., for “dragging” puffs). The contribution of this drag effect to the mean velocity (i.e.,
wind plus drag effect) results in entrainment of the surrounding air; thus, resulting in puff growth
or dispersion.
The wake is modeled as a region generally behind a moving vehicle where the velocity of
a point in the region decreases with distance away from the vehicle in three dimensions. Figure
9 shows an idealized diagram of a wake behind a vehicle and the corresponding local coordinate
system.

68

Wind
n

Top View

s

Side View

Figure 9: Simplified Views of a Wake and the Local Coordinate System

As shown in the figure, the direction (or position) of the wake is shifted from the centerline of
the roadway by the mean wind. Using this coordinate system, a “velocity deficit” can be defined
as the difference between the velocity of the ambient air moving past the vehicle and the velocity
of a point in the wake region. Therefore, the air immediately behind the vehicle would have the
highest velocity deficit as it would most closely match the speed of the vehicle. The mean wind
affects both the geometric position of the wake and the deficit velocity (the deficit velocity is
directly proportional to relative wind speed).
The vehicle wake theory was originally developed by Eskridge and Hunt and modified by
Eskridge and Thompson, and Eskridge and Rao (Eskridge 1979, 1982, and 1983). Their
equations for the velocity deficit in the wake are reproduced as equations 30-38.
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ud = UA(S)-3/4f(N/l(s), Z/l(s))

(30)

S = s/H

(31)

Z = z/(γAH)

(32)

N = n/(λγAwd)

(33)

A = (Cd/(32πe1/2λγ3))1/4

(34)

l(s) = λAH(S)1/4

(35)

f(N/l(s), Z/l(s)) = (Y(N/l(s)))(T(Z/l(s)))

(36)

Y(N/l(s)) = C1Exp(-N2/(8l2(s)))

(37)

T(Z/l(s)) = T(ξ) = ∑biξi-1 + b0, for i = 1 to 6

(38)

where ud = velocity deficit (m/s)
U = wind speed relative to vehicle (m/s)
A = Strength of the wake
s = distance behind the vehicle along wake centerline (m)
H = height of vehicle (m)
Wd = width of vehicle (m)
z = vertical distance above the wake centerline (m)
n = distance perpendicular to the wake centerline (m)
γ = constant ≈ 0.095
λ = constant ≈ 1.14
Cd = drag coefficient
ξ = polynomial variable
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Equations 31 through 38 are all ultimately used to determine the velocity deficit in Equation 30.
The curve-fit regression parameters for the sixth-order polynomial (Equation 38) are presented in
Table 12.

Table 12
Curve-Fit Parameters for Equation 38
Curve-Fit Parameter
b0
b1
b2
b3
b4
b5
b5
Source: (Eskridge 1983)

Value
0.0179349
2.576580
-2.3062584
0.8951468
-0.1758604
0.0169970
-0.0006404

Using these equations, a velocity deficit value can be calculated for a point within a wake by
specifying its distance behind the vehicle along the centerline of the wake, the perpendicular
distance from the centerline, and the height above the ground. The velocity deficit is essentially
a relative velocity (relative to the mean wind) that is parallel to the centerline of the wake.
Application of this relative velocity to a puff represents the aforementioned drag effect. The
drag contributions from all wakes are applied to each puff. As long as a puff is behind a vehicle,
it will experience some drag effects although in many cases, the puff will be too far away from
the centerline of a wake to feel any noticeable effects.
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Figures 10 through 12 show example plots of the velocity deficit in each of the three
dimensions (i.e., along axis of wake centerline, perpendicular to wake centerline, and height
from ground).
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Figure 10: Velocity Deficit Behind a Vehicle along the Centerline of the Wake
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Figure 11: Velocity Deficit at a Normal Distance from the Centerline of the Wake
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Figure 12: Velocity Deficit at Height Above Ground
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5

6

These figures are only intended to show the basic relationships (i.e., shape of the curves)
between distance and velocity deficit. Since each plot presents changes in velocity deficit with
distance in just one direction, all other variables (e.g., relative wind speed, vehicle dimensions,
etc.) including distances in the other directions were kept constant. Reasonable values were used
for these other variables
It is unclear why the irregularities in Figures 10 and 12 exist. The irregularity in Figure
10 could possibly be explained as transient effects due to the short distances from the vehicle.
But the irregularities in Figure 12 are less explainable. They may just be due to the empirical
nature of the wake equations.
Much like the Gaussian distributions, the wake equations extend to infinity in all
directions behind the vehicle. However, as exemplified in Figures 10 through 12, there are
practical limits to the influence a wake has on nearby puffs. Also, the influence is only on puffs
that are behind the moving vehicle. Puffs that are in front of the vehicle’s position are not
affected by the wake. Although the effects of vehicle wakes are taken into account, direct
disturbances due to the vehicle itself are not modeled. That is, a vehicle will pass through a puff
without disturbing it, and not until the puff is behind the rear bumper of the vehicle will it be
affected by the vehicle’s wake. A possible future enhancement could be the inclusion of a
“piston” model to account for a “pushing” effect on the puffs.

3.5.5 Atmospheric Turbulence
Atmospheric turbulence is modeled through the use of the Pasquill-Gifford dispersion
parameters which are standard deviations (σ) of the Gaussian distributions (Turner 1994).
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Equations 39 and 40 are used to calculate these parameters, and Table 13 provides the
coefficients of these functions by stability class.

σht = {1000rtan[a-bln(r)]}/2.15

(39)

σzt = crd

(40)

where σht = σxt = σyt = Atmospheric horizontal dispersion
parameter
σzt = Atmospheric vertical dispersion parameter
r = Puff cumulative horizontal travel distance (km)
a, b, c, d = Coefficients based on stability class
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Table 13
Coefficients of Power Function used to Model Dispersion Parameters
Stability Class

a

b

A

24.167

2.5334

B

18.333

1.8096

C

12.5

1.0857

D

8.3333

0.72382

E

6.25

0.54287

F

4.1667

0.36191

Distance, r (km)
>3.11
0.5-3.11
0.4-0.5
0.3-0.4
0.25-0.3
0.2-0.25
0.15-0.2
0.1-0.15
<0.1
>35
0.4-35
0.2-0.4
<0.2
>30
10-30
3-10
1-3
0.3-1
<0.3
>40
20-40
10-20
4-10
2-4
1-2
0.3-1
0.1-0.3
<0.1
>60
30-60
15-30
7-15
3-7
2-3
1-2
0.7-1
0.2-0.7
<0.2

*σzt = 5000 m
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c
-----*
453.85
346.75
258.89
217.41
179.52
170.22
158.08
122.8
-----*
109.30
98.483
90.673
61.141
44.053
36.650
33.504
32.093
32.093
34.459
47.618
35.420
26.970
24.703
22.534
21.628
21.628
23.331
24.260
34.219
27.074
22.651
17.836
16.187
14.823
13.953
13.953
14.457
15.209

d
-----*
2.1166
1.7283
1.4094
1.2644
1.1262
1.0932
1.0542
0.9447
-----*
1.0971
0.98332
0.93198
0.91465
0.51179
0.56589
0.60486
0.64403
0.81066
0.86974
0.29592
0.37615
0.46713
0.50527
0.57154
0.63077
0.75660
0.81956
0.83660
0.21716
0.27436
0.32681
0.4150
0.4649
0.54503
0.63227
0.68465
0.78407
0.81558

The x and y components of the dispersion parameters are modeled identically using
Equation 39. Both the horizontal and vertical parameters are dependent on the cumulative
horizontal distance traveled by the puff. This cumulative distance contains the sum of the
contributions from the mean wind and wake drag effects. Unlike modeling a steady-state plume
from a stationary source, the cumulative distance traveled by a puff is not necessarily a straight
line from the original point of release of the puff. Any temporal variations in the direction of the
mean wind and wake drag effects can cause deviations from a straight line.

3.5.6 Rise-Induced Turbulence
As a puff (or plume) rises, it entrains the surrounding air through shearing and/or through
the formation of circular eddies (Turner 1994). The entrainment of the surrounding air causes
the puff to grow which results in lower concentrations experienced by receptors. The growth is
modeled as a function of atmospheric rise (Pasquill 1976 and Irwin 1979) as indicated by
Equations 41 and 42.

σhr = ∆H/3.5

(41)

σzr = ∆H/3.5

(42)

where σhr = σxr = σyr = Rise horizontal dispersion parameter
σzr = Rise vertical dispersion parameter

The ∆H parameter represents gradual rise as previously defined (see Equation 22). It is less than
or equal to the final rise ∆Hf. As Equations 39 and 40 indicate, the horizontal and vertical
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dispersion parameters are modeled identically. This same modeling scheme is employed in both
the ISC and CALPUFF models.

3.5.7 Vehicle Wake-Induced Turbulence
Vehicle wakes actually cause turbulence in two ways. First, wakes cause turbulence
indirectly through displacement of puffs similar to the mean wind. Therefore, the displacement
of the puffs are simply added as a contribution to the mean wind, and the dispersion parameters
due to puff movements are calculated as a whole. Second, vehicle wakes also cause turbulence
directly as well. Similar to the wake drag effect, Eskridge and others provided Equations 43
through 46 to describe this turbulence (Eskridge 1979, 1982, and 1983).

(u’2, v’2, w’2) = (a1, a2, a3)A2U2S-1.2Fc(χ,ω)

(43)

χ = n/(Wds0.4)

(44)

ω = z/(Hs0.4)

(45)

Fc(χ,ω) = ∑n∑mψ2m,nωnχ2m, for m = 0 to 2 & n = 0 to 4
where u’2, v’2, w’2 = velocity variances
a1, a2, a3 = constants = 0.048, 0.040, and 0.030, respectively
if |χ| > 0.55 or |ω| > 0.64 then Fc = 0
if χ < 0.0 and ω > 1.82χ + 1.15 then Fc = 0
if χ > 0.0 and ω > -1.82χ + 1.15 then Fc = 0
if Z/l(s) > 8.2 then T(Z/l(s)) = 0
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(46)

Equations 44 through 46 are ultimately used to determine the velocity variances in Equation 43.
The surface-fit regression parameters for the complex polynomial (Equation 46) are presented in
Table 14.

Table 14
Surface-Fit Parameters for Equation 46
Surface Fit Parameter
ψ00
ψ01
ψ02
ψ03
ψ04
ψ20
ψ21
ψ22
ψ23
ψ24
ψ40
ψ41
ψ42
ψ43
ψ44
Source: (Eskridge 1983)

Value
0.3511237 X 10-1
0.1255308 X 102
-0.4796241 X 102
0.6732523 X 102
-0.3572466 X 102
-0.1890581
-0.9345507 X 10
-0.1821427 X 103
0.5617911 X 103
-0.3995373 X 103
0.2649465
-0.9434068 X 102
0.1034830 X 104
-0.2348153 X 104
0.1510437 X 104

Similar to Figures 10 through 12, the velocity variances (or turbulent energy) were plotted versus
distance in each of the three dimensions as shown in Figures 13 through 15.
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Figure 13: Deficit Velocity Behind a Vehicle along the Centerline of the Wake
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Figure 14: Velocity Variance at a Normal Distance from the Centerline of the Wake
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Figure 15: Velocity Variance at Height Above Ground

The velocity variances determined from equation 43 can be correlated to dispersion parameters
by using Pasquill’s relationships (Pasquill 1971) which Draxler rewrote (Draxler 1976) as
indicated by Equations 47 through 56.

σxw = σγxSh

(47)

σyw = σθxSh

(48)

σzw = σφxSz

(49)

σγ = arctan(σu/um)

(50)

σθ = arctan(σv/um)

(51)
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σφ = arctan(σw/um)

(52)

Sh = (1+0.0308x0.4548)-1 for x < 104 m

(53)

Sh = 0.333(10,000/x)0.5 for x > 104 m

(54)

Sz = (1+0.9(t/To)1/2)-1 for x < 50 m

(55)

Sz = (1+0.945(t/To)0.8)-1 for z > 50 m

(56)

where σxw = Wake x-horizontal dispersion parameter (m)
σyw = Wake y-horizontal dispersion parameter (m)
σzw = Wake vertical dispersion parameter (m)
σγ = Standard deviation of wind x-vector angles (radians)
σθ = Standard deviation of wind y-vector angles (radians)
σφ = Standard deviation of wind z-vector angles (radians)
σu = u’ = Standard deviation of wind speed in x-direction (m/s)
σv = v’ = Standard deviation of wind speed in y-direction (m/s)
σw = w’ = Standard deviation of wind speed in z-direction (m/s)
x = Horizontal displacement (m)
um = mean wind (m/s)
Sx = Sy = Horizontal universal function of the diffusion (or travel) time
and the Lagrangian time scale
Sz = Vertical universal function of the diffusion (or travel) time
and the Lagrangian time scale
t = Diffusion time = simulation time increment (s)
To = Characteristic time ~ 50 s
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Equations 53 and 54 were reformulated by Irwin (Irwin 1979) from previous equations by
Pasquill (Pasquill 1976). Equations 55 and 56 were developed by Draxler for neutral and stable
conditions (Draxler 1976). Due to the complexity of the equation for the unstable case, these
equations (Equations 55 and 56) were also used for the unstable case as an approximation. The
wake dispersion parameters are calculated based on the simulation time increment used in
TRAQSIM. The resulting incremental dispersion parameters are then added to cumulative wake
dispersion components which are used to model the dispersion due to the wake effects.

3.5.8 Aggregation of Turbulent Components
The previously discussed turbulent components (see Sections 3.5.5 through 3.5.7) that
contribute to the dispersion of a puff are aggregated to obtain a single set of dispersion
parameters. Equations 50 through 52 which essentially represent summations of variances are
used to conduct the aggregations.

σx = (σxt2 + σxr2 + σxw2)1/2

(57)

σy = (σyt2 + σyr2 + σyw2)1/2

(58)

σz = (σzt2 + σzr2 + σzw2)1/2

(59)

where σx = x-composite horizontal dispersion parameter (m)
σy = y-composite horizontal dispersion parameter (m)
σz = composite vertical dispersion parameter (m)
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3.5.9 Puff Merging
In an effort to reduce computational burdens on a computer, a puff merging process was
implemented. Merging reduces the number of puffs that need to be modeled. If merging was
not implemented, a simple intersection scenario with 10 vehicles present at any given time would
produce 36,000 puffs after 1 hour of simulated time if using a 1-second time step. Such a
number of puffs would result in unacceptable runtimes on a state-of-the-art personal computer
(i.e., around 3.6 Ghz in clock speed). The runtime for such a scenario is expected to be
measured in days rather than minutes or hours. And a more complex scenario involving more
vehicles could potentially be measured in weeks.
The merging scheme employed in TRAQSIM would generally keep the number of puffs
to less than 3,000 after 1 hour of simulation for the aforementioned simple intersection scenario.
The scheme is based on a recommendation made by Ludwig, et al. (Ludwig 1976) who indicated
that two puffs whose centers are separated by up to two sigma values could be combined with
minimal effects on accuracy. In TRAQSIM, the merging algorithm first determines the 3dimensional distance between the center of a pair of puffs. This distance is then compared to the
sum of the average sigma values of each of the puffs. An average sigma value for a puff refers
to an average of the three sigma values associated with dispersion in 3-dimensions (i.e., x, y, and
z). Figure 16 exemplifies the conditions under which puff merging occurs.
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Figure 16: Conditions Under which Puffs will Merge

When two puffs are merged, the resulting new puff is located at the midpoint of its
predecessors. The new puff is also given average values for each of the dispersion parameters
and possesses the total mass of the predecessors. The cumulative horizontal travel distance for
the new puff is determined by back-calculating from the horizontal dispersion parameter (σht).
This is necessary in order to ensure that the cumulative horizontal travel distance and the
horizontal dispersion parameter agree with each other.
Although the merging scheme is conceptually simple, the actual algorithm is
computationally intensive due to the use of a nested loop which is necessary in order to compare
each puff with all other puffs. Therefore, in order to reduce runtime, a rule has been
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implemented such that the merging is conducted when 1,000 new puffs are generated. As an
example, when merging is conducted for the first 1,000 puffs during a scenario run, the total
number of puffs may be reduced to 400. Then after another 1,000 puffs have been generated for
a total of 1,400 puffs, the merging algorithm is enacted again which may reduce the number of
puffs to 600. As this process continues, the number of puffs will move up and down, but will on
average increase over time. As previously explained, a simple intersection scenario will result in
less than 3,000 puffs after 1 hour of simulation. To justify the use of the 1000 puff interval, a
sensitivity analysis was conducted and the results are presented in Section 6.3.

3.5.10 Concentration Sampling
As indicated at the beginning of Section 3.5, a Gaussian puff model is used to determine
concentrations at receptor locations. The statistical nature of a puff means that it really has no
boundaries and extends in all directions. This means that all existing puffs contribute to the
pollutant concentration calculated at each receptor location. Adapted from Zannetti, Equation 60
represents the Gaussian puff formula used to calculate concentrations (Zannetti 1990).

⎡ 1 ⎛ x p − xr
⎢− ⎜⎜
exp
c=
(2π ) 3 / 2 σ xσ yσ z
⎢⎣ 2 ⎝ σ x
∆M

⎡ 1 ⎛ z p + zr
+ exp ⎢− ⎜⎜
⎢⎣ 2 ⎝ σ z

⎞
⎟⎟
⎠

2

⎞
⎟⎟
⎠

2

⎡ 1⎛ y − y
⎤
r
⎥ exp ⎢− ⎜ p
⎜
⎢ 2⎝ σy
⎥⎦
⎣

⎡ 1 ⎛ 2H m − z p − z r
⎤
⎥ + exp ⎢− ⎜⎜
σz
⎢⎣ 2 ⎝
⎥⎦

where c = concentration at a receptor (ppm)
∆M = Mass of puff (g)
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(60)

xp, yp, zp = x, y, and z-position of center of a puff in absolute coordinates (m)
xr, yr, zr = x, y, and z-position of a receptor (m)
Hm = Mixing height (m)

The mixing height (Hm) has been described as “the height above the surface through which
relatively vigorous mixing occurs” (Holzworth 1972). An inversion above this mixing region
generally defines the height. Due to the boundaries created by the mixing height and the ground,
reflections from these surfaces are also modeled. The last two exponential components in
Equation 60 account for the reflections off the ground and the mixing height, respectively.
Although there can be multiple reflections, just the first ones are modeled in TRAQSIM because
the model is intended for very close microscale modeling. Also for simplicity, penetrations
through the mixing height are not modeled. These are likely reasonable simplifications because
the mixing height in the range of about 1000 m is too far above the receptors to have much of an
effect through either reflection or penetration. The one reflection near the ground is likely
enough since an ensuing reflection from the mixing height will have little effect due to the long
distance involved.
In TRAQSIM, concentrations are by default calculated at each receptor location during
each 1-second time-step in the simulation. That means during a 3,600 second simulation,
concentrations would be calculated for each receptor 3,600 times. However, in order to avoid
transient effects at the start of the simulation, 4,200 seconds (i.e., 1 hour and 10 minutes) are by
default modeled in TRAQSIM. The first 10 minutes’ worth of calculated concentrations are not
used in order to prevent an artificially low number of vehicles and puffs during the start of the
simulation to bias the final results. The choice of using 10 minutes for this buffer was based on
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some performance observations, and although it is likely on the high side, it was felt that a
conservative value would ensure no bias toward an under-prediction.
At the end of the simulation, all of the 4,200 sampled concentrations for each receptor are
saved to an external file. These results can be analyzed by an educated user to further investigate
various spatial and temporal effects. But in general, the results are read back into TRAQSIM
which averages the latter 3,600 results to effectively determine time-weighted average
concentrations for each receptor. These final results represent the 1-hour modeled
concentrations that can be compared to the NAAQS. To compare with 8-hour standards, a
suitable persistence factor should be applied to the 1-hour concentrations (Cooper 1989 and
1992).
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CHAPTER FOUR: DESCRIPTION OF COMPUTER SOFTWARE AND
HARDWARE

4.1 Software and Hardware Environment
TRAQSIM was completely developed using the Microsoft Visual BASIC (Version 6.0)
development environment. This development tool was used in part because it allowed relatively
quick development of software as opposed to other languages such as C/C++, FORTRAN, or
JAVA. In addition to the “English-like” commands, Microsoft has provided a rich set of default
and add-on tools (“controls”) that allow quick development of a graphical user interfaces. Also,
the old complaint about BASIC being an interpreted language, and therefore slow, is no longer
applicable (it actually hasn’t been applicable for many years). Visual BASIC is a compiled
language much like Visual C/C++ (or C#), and it has been highly optimized. Although not as
fast as C/C++, it provides adequate speed/power for most applications. Furthermore, Microsoft
is also an ardent proponent of Visual BASIC, now Visual BASIC.NET, the successor to Version
6.0. This means that the development environment will continue to be supported for a long time
such that TRAQSIM could be continually updated/refined in the future. Figure 17 shows the
Visual Basic development environment.
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Figure 17: Visual Basic 6.0 Development Environment

In Visual Basic, a Form is a window or dialog box that is a part of a program’s Graphical
User Interface (GUI). Forms can have code “embedded” in them especially to handle eventdriven actions (e.g., the user presses a button). In contrast, a module is essentially a listing of
codes with no associated Forms. Controls are objects that can be used to perform various
functions. For example, buttons, scroll bars, text boxes, etc. are all controls that can have codes
associated with them.
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Mostly due to the use of Microsoft development tools, TRAQSIM can currently only run
on a Microsoft Windows platform. Test runs have shown that TRAQSIM will run on any
“modern” version of Windows (i.e., 95, 98, 2000, XP, NT, etc.). Although there may be some
possible benefits to be able to run TRAQSIM in a non-Windows environment (i.e., Macintosh,
UNIX, LINUX, etc.), there is no current need to do so because Windows personal computers
(PCs) are ubiquitous and provide enough processing power. Virtually any type of
hardware/software configuration on a non-Windows machine can be replicated with a Windows
PC.
To run TRAQSIM, the following minimum system requirements are recommended:
Pentium III at 500 Mhz clockspeed and 128 MB RAM. Although it is possible to run the model
on a system with lower specifications, runtimes will prohibit the model from being useful. Even
with this 500 Mhz system, runtimes will be significant for any scenario more complex than an
intersection with two links. A more reasonable recommendation would be a Pentium IV at 3
Ghz and 512 MB RAM. The minimum hard drive size is about 100 MB which is enough to
install the model and run a few scenarios including saving the intermediate second-by-second
receptor concentrations.
It should be noted that even with the more reasonable system (i.e., 3 Ghz), runtimes for
complex scenarios will be very long (e.g., measured in days and weeks). Therefore, it is further
recommended that distributed processing be used. That is, instead of modeling all intersection
roadways on one computer, model individual roadway links separately on different computers or
computers with multiple processors. Then sum the concentration contributions from each link
for each receptor.
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4.2 Overall Software Design
The overall design of the software is conceptually simple. As shown in Figure 18, a GUI
serves as the link between the user and the model.

Software

Computational
Modules

Input File

Graphical User
Interface

Output File

User Interactions

Figure 18: Overall Software Design

The computational modules within TRAQSIM are controlled by a main simulation loop.
During each 1-second time-step, the loop performs functional calls to each of the components
within each module. The functional calls and the order thereof are identical to the listing of
components within the three modules shown in Figure 2. The only additional actions included
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within the loop are the use of counters to keep track of the simulated time and a feature that
allows the user to stop (or exit) the simulation once it has started.
Although the GUI and the computational modules are shown as separate entities, they are
actually integrated. The GUI allows manipulation of the input and output files as well.
However, since these files are ASCII text files, they can be manually manipulated (i.e., without
the GUI) under certain circumstances such as during outside batch processing. But it should be
stressed that with the GUI available, the intention is to use the GUI exclusively without having to
ever manually manipulate the input files.
The input file is conceptually similar to those for typical EPA regulatory models such as
CAL3QHC and AERMOD. Like these regulatory models, TRAQSIM’s input files are structured
with data separated into sections (e.g., links, receptors, etc.). The look and feel should actually
follow AERMOD a little more closely due to the use of header information that explicitly
indicates what data each section contains. The exact format for the input file through the use of
an example is shown in Appendix B.
The raw output file (“intermediate” data) is simply a listing of all sampled concentrations
for each receptor during each time-step. The headers in this output ASCII text file are time (sec),
receptor number, and concentration (ppm). This raw listing of individual concentrations can be
used for spatial and temporal analyses. For comparing to the NAAQS, the concentrations must
be averaged. As indicated in Section 3.5.10, the model (or rather, the GUI) reads in the raw
concentrations and produces time-weighted average concentrations at each receptor location.
Again, just the latter 3,600 (as opposed to the entire 4,200) concentrations are averaged in order
to prevent the influence of transient effects (assuming the user specifies a 1 hour total runtime).
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The headers in the ASCII text file containing the averaged results are receptor number and
concentration (ppm).

4.3 Graphical User Interface (GUI)
The GUI serves as the coordinator/translator for all user needs. This section provides an
overview of the functionality and features of the GUI. Although the GUI provides a wealth of
features to the user, it does not add any scientific or engineering value to the model. Therefore, a
detailed description of the GUI is not provided as it would be in a User’s Guide which is beyond
the scope of this dissertation. Such a User’s Guide could amount to a couple of hundred pages
worth of text that would not provide additional technical value to this project. As a result, the
focus of this dissertation has been on the scientific/engineering components of the model with,
again, only an overview of the GUI provided to give the user a basic understanding of its
capabilities.
The GUI was developed using a multiple document interface (MDI) environment. This
essentially means that a parent window serves as the background and manager of all other child
windows. When the program is started, a splash screen first welcomes the user as indicated in
Figure 19.
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Figure 19: TRAQSIM Welcome Splash Screen

Figures 20 and 21 show the basic layout of the parent window both with and without child
windows open, respectively.
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Figure 20: Basic Parent Window Without Child Windows Open
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Figure 21: Basic Parent Window With Child Windows Open

As shown in both of these figures, an information bar is located at the bottom of the parent
window. Figure 20 provides some descriptive notes related to this bar. The text/values within
this bar become active when the cursor is moved over the traffic layout window. Moving the
cursor over the objects (i.e., link, receptor, or signal) will provide information specific to the
objects in realtime.
In addition to this bar, the parent window contains various menus. Each of these menus
is shown in Figure 22 and described in tables 15 through 21.
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Figure 22: Pull-Down Menus

Table 15
Descriptions of File Sub-Menus
Sub-Menu
New
Open
Save
Save As
Close
Exit

Description
Creates a new study.
Opens a dialog box for loading an existing study (input file).
Saves the current study using the name already specified for the study.
Saves the current study and asks for the name of the study.
Closes the active child window.
Exits the program.
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Table 16
Descriptions of Edit Sub-Menus
Sub-Menu
Copy
Copy to Horiz/Vert Distance
Copy to Parallel Distance
Reverse Link Position
Delete
Create Link
Create Horiz/Vert Link
Create Link (Snap to Position)
Create Receptor
Create Signal
Link Properties
Receptor Properties
Signal Properties

Description
Creates a new link or receptor by copying the highlighted
link or receptor.
Creates a new link or receptor by copying the
highlighted link or receptor to a horizontal or vertical
distance.
Creates a new link or receptor by copying the highlighted
link or receptor to a parallel distance.
Reverses the highlighted link’s positions (e.g., from 0100 to 100-0).
Deletes the highlighted link or receptor.
Creates a new link by allowing the user to point and click
the starting and ending points of the new link.
Create a new link by clicking on a starting point and
moving the cursor to an approximately horizontal or
vertical position for the second point.
Create a new link where the first point will snap to a
position on a link if the cursor is near the link.
Create a new receptor by clicking the left mouse button
to specify the position on the design window.
Create a new signal by clicking near a roadway. The
signal is created on the link position closest to the cursor.
Opens a window containing user-modifiable link data.
Opens a window containing user-modifiable receptor
locations data.
Opens a window containing user-modifiable signals data.
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Table 17
Descriptions of View Sub-Menus
Sub-Menu
Traffic Layout
Zoom Free
Zoom-In Window
Zoom-In (One Level)
Zoom-Out (One Level)
Zoom-To-Fit
Pan
Show Links
Show Receptors
Show Signals
Show Link Coordinates
Show Receptor Coordinates
Show Signal Positions
Show x-y Origin

Description
Opens the traffic layout window for drawing objects (i.e.,
links, receptors, and signals).
Zoom in or out by dragging the mouse horizontally.
Zoom into a specific region of the layout window by
drawing a rectangle with the cursor.
Zooms-in just one level.
Zooms-out just one level.
Zooms in or out to show extents of all objects.
Pans the screen (similar to grabbing the screen and moving
it).
Shows/Hides links.
Shows/Hides receptors.
Shows/Hides signals
Shows/Hides link end x,y coordinates
Shows/Hides receptor x,y coordinates
Shows/Hides signal positions on links
Shows/Hides x-y origin

Table 18
Descriptions of Input Sub-Menus
Sub-Menu
Project Variables
Vehicle Type
Meteorology

Description
Open the Project Variables window which allows the user to modify
study parameters such as runtime increments.
Opens the Vehicle Type window which allows the user to specify
the vehicle fleet.
Opens the Meteorology window which allows the user to specify
weather data.
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Table 19
Descriptions of Analysis Sub-Menus
Sub-Menu
Run Simulation
Run Batch
View Output
Process Output

Description
Opens a simulation window where the simulation is animated.
Temporary batch processing algorithms only used for internal
developmental analyses (not available to the user)
Opens a window where the output results can be viewed both during
and after the simulation. Allows saving the raw concentrations to an
external file.
Processes the raw sampled concentrations to develop averages

Table 20
Descriptions of Window Sub-Menus
Sub-Menu
Tile
Cascade

Description
Reconfigures all open child windows into a tiled (non-overlapping)
orientation.
Reconfigures all open child windows into a cascaded (overlapping)
orientation.

Table 21
Descriptions of Help Sub-Menus
Sub-Menu
User’s Guide
About TRAQSIM

Description
Opens an empty User’s Guide. This is simply provided as a
placeholder for the possible future development of a User’s Guide
should this dissertation work be continued.
Opens the splash screen.
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Below these menus is a toolbar that provides identical functionality to some of the menus
especially the roadway geometry tools. Figure 23 shows descriptions for each of the items on
the toolbar.

Create Horizontal/Vertical Link
Open
New

Copy

Save

Zoom Window

Delete

Create Receptor

Create Link

Create Signal

Create Link (Snap to Position)

Zoom To Fit

Zoom In

Show Links

Zoom Out

Show X-Y Origin

Show Link
Coordinates

Show Receptors
Pan

Zoom Free

Show Signals

User’s
Guide

Show Signal Positions

Show Receptor Coordinates

Figure 23: Toolbar

All of the buttons on the toolbar are fully functional, but as explained in Table 21, the User’s
Guide button only provides a placeholder for possible future development.
All of the menus, information bar, and the toolbar discussed thus far are features of the
parent window. Although they may also be functional for the child windows as well, they are
inherently objects of the parent window. There are a total of 10 child windows encompassing
both data input and output windows. Figures 24 through 33 shows each of these windows with
descriptions of the various features which are not immediately obvious.
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Textual name of study/project
Time increment used to
sample concentrations at
each receptor location
Time increment used as the
time-step for the simulation
The default link width used
for display purposes only
(does not affect the model).

Figure 24: Project Variables Window

103

ID or description of
CMEM/MOBILE6
vehicle type
VMT Fraction (all
must sum to 1)

Hot, Cold, and
Stable VMT
Fractions

Figure 25: Vehicle Types Window
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Atmospheric
Stability Class
(A through F)
Time at which the
meteorological
scenario takes effect
Height at which the
wind speed applies

Height at which the
temperature applies
(Currently, has no effect.
The temperature is
considered to apply
ubiquitously)

Figure 26: Meteorology Window
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Signal

Receptor

X-Y Origin (0,0)

Figure 27: Traffic Layout Window
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IDs of
successive
To-Links

Average
cruise
speed

Matches the link ID in the main datasheet above

Figure 28: Traffic Layout Window
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Fractions of
vehicle counts
applied to each
To-Link

Number of
vehicles
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(VPH)

Specifies
whether stop
sign exists at
end of link
(0=no, 1=yes)

Figure 29: Receptor Properties Window
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The ID of the
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Figure 30: Receptor Properties Window
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The starting phase
of each signal

Starting point
within the
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Simulation information including
elapsed simulation time, and the
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Animated simulation of traffic
movements and puff
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Figure 31: Simulation Window
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Puffs

Running or final average
concentration at each
receptor location. These
values can be copied and
pasted onto a spreadsheet

Shows all sampled
concentrations up to the
current point in the
simulation or all 8,400
concentrations if simulation
is complete

Figure 32: View Output Window

111

Saves all sampled
concentrations up to the
current point in the
simulation or all 8,400
concentrations if
simulation is complete

Opens a dialog box to
select an external ASCII
text file containing
sampled concentrations
Specifies the starting and ending times (in
seconds) of the simulation period to
process. The default is to exclude the first
10 minutes by starting at 601 seconds.
Calculates average concentrations
for each receptor
Opens a dialog box that allows the user to save the
calculated averages to an external ASCII text file

Temporary processing algorithms
only used for internal developmental
analyses (not available to the user)

Figure 33: Process Output Window

4.4 Runtime Issues
As previously indicated, the runtimes associated with TRAQSIM are significantly greater
than CAL3QHC. This is due to the simulation nature of the model and the complex methods that
are used to more realistically model physical phenomena. The runtimes for the scenarios
described in sections 5.1 through 5.4 are shown in Table 22.
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Table 22
Sample Runtimes in TRAQSIM
Scenario

Runtime in
TRAQSIMa
45 min

Simple straight roadway with 400 vph and
one signalb
Simple intersection comprised of two links
1 hrs, 30 min
and two signals with 300 vph per linkb
3 weeksd
Complex intersectionc
a
Based on using a 2 Ghz Pentium 4 computer with 512 GB of ram.
Runtimes will vary depending on traffic volume and other variables.
b
Scenario used for model verification (see Section 5.2).
c
Scenario used for model validation (see Section 5.3).
d
”Ball-park” approximation based on running the scenario and
observing progress of 2 days (48 hours).

In contrast to these runtimes, CAL3QHC requires only a few seconds at most to model even the
most complex scenarios. This is obviously due to the steady-state macroscopic nature of the
model.
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CHAPTER FIVE: VERIFICATION AND VALIDATION
The following sections provide verification (or reasonability) checks and validation
effort. The verification work included comparisons of component and system-level results to
those from literature, CAL3QHC, and some field traffic measurements. In addition, consistency
checks were conducted to show the effects of the stochastic elements within the model. The
validation effort involved comparing modeled concentrations (system-level results) to highquality measured field data.

5.1 Verification of Traffic Parameters
In general, as indicated in Chapter 3, values for traffic parameters were generally based
on standard traffic engineering/analysis literature (e.g., handbooks). And when “standardized”
values were not available, reasonable ones were used from observations (e.g., for some vehicle
geometry, etc.). Using these development parameters, the traffic simulation algorithms (e.g.,
car-follower) can generate modeled parameters that allow reasonability checks which provide
assurances that the algorithms are correctly simulating vehicle movements. Because the focus of
this dissertation is on air quality modeling, it was not imperative that the model produce
extremely accurate movements or that it account for intelligent traffic movements (e.g., lanechanging). With all of the uncertainties surrounding both emissions and dispersion modeling, a
traffic algorithm that provides a reasonable level of detail and accuracy would suffice. With that
said, a couple of modeled traffic parameters relating to vehicle spacing and total traffic counts
were verified. These parameters are very important to air quality modeling as they define the
geometric allocation and quantity of emissions.
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5.1.1 Headway
One of these traffic parameters was headway. Headway is defined as the time lag
between two moving vehicles (i.e., leader and follower) measured from front bumper to front
bumper against a fixed point along the road. An analysis of traffic flow along a simple straight
roadway with an average cruise speed of 35 mph indicated that during cruise, the smallest
headways produced by TRAQSIM’s car-follower algorithm was approximately 0.8 s for lightduty vehicle types. However, the vast majority of headways once the follower vehicle is
“stabilized” behind a vehicle is approximately 1.5 to 2.0 s which compares well with established
literature values of 2.0 (ITE 1999). Therefore, for two light-duty vehicles traveling at 35 mph,
the geometric spacing (from front bumper to front bumper) would be about 23 m (77 ft) and 31
m (103 ft) for the range of headways, respectively.

5.1.2 Queue Lengths
In addition to headways, queue lengths were also verified. As used here, a queue length
is defined as the number of successive vehicles idling at an intersection (i.e., due to a red light)
as opposed to an actual geometric length. In general, assuming the approach traffic is relatively
random (to produce a uniform distribution) and the signal timings have been accurately defined,
the queue lengths that are formed as part of the traffic simulation in TRAQSIM should be
realistic/accurate on an average basis.
To verify this, data from a single non-turning lane at an intersection was obtained. The
lane was located at the intersection of Highway 18 and Pond Street in Weymouth,
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Massachusetts. The analyzed lane was the southbound middle approach lane from which turns
cannot be made (at least not legally). The 15-minute traffic data for this lane are shown below:

•

Total traffic count = 123 vehicles (total for 15 minutes for all signal phases)

•

Average green, yellow, and red signal duration = 38, 3, and 28 s, respectively

•

Queue lengths = 1, 5, 7, 3, 1, 6, 4, 5, 6, 6, 2, 5, 2, 6 vehicles

•

Average queue length = 4.2 vehicles

•

Standard deviation of queue lengths = 2.0 vehicles

As shown above, 14 queues were formed in the 15 minute period. To compare with these queuerelated data, the traffic count and signal data were used to model a single link in TRAQSIM with
a signal at the end of the link. Although somewhat arbitrary, the length of the link was modeled
as 300 m (984 ft) to roughly approximate the distance to the preceding intersection. Also, the
cruise vehicle speed was approximated as 40 mph.
Using this data, the simulation in TRAQSIM was run for 900 s (15 minutes). During this
simulation, queues of vehicles formed were visually identified and counted. Due to the
simplistic nature of this scenario (e.g., one link), the simulation ran very quickly. As a result, the
runtime increment (time-step) parameter was set to 0.05 s to slow the simulation down in order
to be able to visually identify the queues. The results of this simulation are as follows:

•

Queue lengths = 2, 3, 2, 4, 3, 5, 5, 3, 4, 4, 5, 7, 4

A summary comparison of these results with the measured data are shown in Table 23.
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Table 23
Comparison of Queue Length Summary Statistics
Summary Statistic
Total Number of Queues
Average Queue Length
Standard Deviation of Queue Length

Measured
14
4.2 Vehicles
2.0 Vehicles

Modeled
13
3.9 Vehicles
1.4 Vehicles

The similarities of the number of queues formed and the average queue lengths appear to
confirm the earlier thought that as long as the vehicle movements and signal timings are modeled
accurately, the queue lengths would also be accurate. As a result, this queue length comparison
also indirectly helps to verify the vehicle movement and signal timing algorithms.
The difference between the average queue lengths (4.2 versus 3.9) is likely due to a nonuniform arrival of vehicles at the actual intersection whereas in TRAQSIM, the arrivals are more
uniform. One reason for this non-uniform arrival rate may be due to the influence of the
preceding intersection’s signals. The difference in the standard deviations of queue lengths can
also be similarly explained by the issue of uniform versus non-uniform arrivals.

5.1.3 Vehicle Counts
The third traffic verification analysis was conducted on total vehicle counts. The traffic
simulation algorithm generates vehicles randomly based on a uniform distribution. A slight
deviation from this method was explained in Section 3.3.1 where a heuristic algorithm was
implemented to account for vehicles “lost” due to the prevention of overlapping vehicles. To
verify the preservation of vehicle counts and the random nature of the methods involved, 1000
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simulations of a simple straight roadway link was conducted. To speed up the simulations, all
emissions and dispersion modeling components were turned off and only one light-duty vehicle
type was modeled. The traffic volume specified was 300 vehicles per hour (vph), and the results
are shown in Figure 34.
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Figure 34: Distribution of Vehicle Counts from 1000 Simulated Runs

Figure 34 shows that the average traffic volume converges toward the specified value of
300 vph. And the distribution is normal as expected. The use of the heuristic algorithm does not
seem to have noticeably affected the distribution. Since the standard deviation is not
insignificant, it suggests the possibility that multiple simulation runs may be necessary to
develop average concentrations at each receptor location. However, the variability analysis
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conducted in Section 5.3 suggests that at least for these simplified cases, the variances due to
these and other stochastic variables may not have a significant effect. Further analyses should be
conducted with other scenarios to verify these results.

5.2 Relative Comparisons with CAL3QHC
In an effort to exemplify some of the fundamental differences between the two models,
two relatively simple scenarios were modeled in both CAL3QHC and TRAQSIM. Since all of
the input data for each model were identical (or as close as possible), the comparisons show
differences between each model’s underlying data and methods.

5.2.1 Simple Straight Roadway Scenario
For the first scenario, a simple straight roadway was modeled. Along with this link, one
signal and 15 receptors were included as shown in TRAQSIM’s layout view in Figure 35.
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Signal
Vehicle Movement Direction

Receptor 1

Receptor 5

Receptor 10

Receptor 15

Figure 35: Simple Straight Roadway Scenario

The associated scenario data are shown below:

•

Vehicles per hour = 400

•

Wind speed = 2 m/s

•

Wind direction = 0 degrees

•

Stability class = D

•

Vehicle Speed = 35 mph

•

Vehicle Types = Only light-duty vehicles

•

Signal Timing: Green = 20 sec, Yellow = 2 sec, and Red = 40 sec
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The average emission factors (i.e., of cruise and idle) for CAL3QHC were derived from
TRAQSIM at the appropriate speeds. This allowed a focused comparison of just the dispersion
methods within in each model. The modeled concentrations are shown in Figure 36.
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Figure 36: Modeled Results of Simple Straight Roadway Scenario

It should be noted that some of the concentrations (e.g., for receptors 1 and 14) are too small to
be “seen” in Figure 36. The higher concentrations occur toward the middle of the link and
generally decrease towards the ends. This is intuitive since the wind direction (0 degrees) is
directly downward and the receptors near the middle experience a greater contribution of
pollutants.
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However, the higher concentrations from the two models are not coincidental.
CAL3QHC models highest concentrations at receptors 8, 9, and 10 which are closest to the
queue section of the link (just behind the signal). In contrast, TRAQSIM models highest
concentrations at receptors 10, 11, and 12 which are closest to the acceleration section of the
link. These results from TRAQSIM appear to be more intuitive since time-based emission rates
from acceleration are generally greater than idle. Also, the vehicle wake effects may have
dragged some of the pollutants toward receptors 10, 11, and 12. This is likely since emissions
from accelerations also occur behind the signal as a queue of vehicles start to accelerate when the
light turns green.

5.2.2 Simple Intersection Scenario
For the second scenario, a simple intersection scenario was modeled. The scenario
involved 2 roadway links, 2 signals, and 6 receptors as shown in Figure 37.
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Figure 37: Simple Intersection Scenario

The associated scenario data are shown below:

•

Vehicles per hour on each link = 300

•

Wind speed = 1 m/s

•

Wind direction = 0 degrees

•

Stability class = D

•

Vehicle cruise speed on each link = 35 mph
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•

Vehicle types = Only light-duty vehicles

•

Phase durations for each signal = Green: 45 s, Yellow: 3 s, Red: 52 s

Similar to the previous scenario, emission factors for CAL3QHC were similarly derived using
appropriate speeds. The modeled concentrations are shown in Figure 38.
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Figure 38: Modeled Results of Simple Intersection Scenario

Although the actual magnitudes may differ, both models experience highest concentrations at
receptor 1 and the lowest at receptors 5 and 6 (TRAQSIM’s results are too small to be “seen”).
However, the difference between 1 and the others is much more significant in TRAQSIM than it
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is for CAL3QHC. Also, TRAQSIM shows receptor 2 as experiencing the second highest
concentration while CAL3QHC shows receptor 3 experiencing the second highest concentration.
The relative differences seen in the CAL3QHC results can be explained through the
relationship with distance. The geometry of the links indicates that receptor 1 would experience
the highest concentrations because it is closest to the horizontal link as well as the queue section
of that link. And receptor 3 would experience the second highest concentration because of
proximity then followed by receptors 2 and 4. Because of the wind direction (southward), the
vertical link provides little or no relative contributions to these concentrations. The differences
between receptors 1 through 4 are relatively small in part because of the homogenous mixing
zones and steady-state plumes used to model concentrations in CAL3QHC.
This is in contrast to the relative differences seen in TRAQSIM which are due to a greater
gathering of puffs near receptor 1. Although it may seem intuitive that receptor 3 should have
experienced higher concentrations than receptor 2, the localized gathering of puffs near receptor
1 appears to have carried over to receptor 2. Also, as the queue of vehicles that form behind the
signal start to accelerate, some of the higher emissions associated with acceleration appears to
have occurred before the vehicles crossed the signal. And the wake drag effect due to the
vehicles traveling southbound likely appears to have had a greater effect on receptor 3 than
receptor 2 in pulling puffs away from these receptors. These comparisons show that there are
more factors in TRAQSIM than CAL3QHC that can influence receptor concentrations.
Although more complex, these factors are thought to allow a greater degree of realistic modeling.
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5.3 Variability of Results
In an effort to investigate the variability of results from multiple runs of the same
scenario (i.e., same input data), the straight roadway scenario in Section 5.2.1 was run multiple
times with the same input data while varying the seed for the random number generator. That is,
the random numbers used in the model differed from one run to the next. The duration of each
run was 4200 s, and the results are shown in Table 24.

Table 24
Results of Multiple Runs of the Same Scenario using Different Random Number Seed Values

Average Concentration Standard Deviation,
Receptor Number
(ppm)
σ (ppm)
b
7.95E-10
1.65E-10
1
2
1.14E-05
5.03E-07
3
0.003514
0.00019
4
0.006676
0.000422
5
0.006976
0.000427
6
0.006848
0.000361
7
0.006536
0.000383
8
0.007715
0.000762
9
0.015804
0.001705
10
0.032164
0.002645
11
0.064234
0.004405
12
0.049609
0.003184
13
0.055646
0.003478
14
0.156142
0.024054
15 b
1.98E-07
5.94E-08
a
(Standard Deviation / Average Concentration) x 100%
b
Outer receptors.
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Standard Deviation as
% of Average
Concentrationa
20.7
4.4
5.4
6.3
6.1
5.3
5.9
9.9
10.8
8.2
6.9
6.4
6.2
15.4
29.9

The values in Table 24 were obtained from running the aforementioned scenario 15 times (just
coincidental to the number of receptors in the scenario). The purpose in doing this was to
determine the variabilities (e.g., standard deviation) of the results. The outer two receptors (1
and 15) experienced very low concentrations but had relatively high standard deviations which
were likely due to edge effects. These edge effects can be described as a greater susceptibility to
random elements within the model due to a greater distance away from the majority (e.g., higher
density) of puffs. Therefore, if the results from these two receptors are discarded, the remaining
13 receptors show a range of standard deviations from 4.4% to 15.4% and an average of 7.5%.
This 7.5% would loosely translate to 15% variation for 2 standard deviations of 95% confidence.
Considering the accuracy levels of current state-of-the-art dispersion models, this 15% variability
appears to be small and acceptable within TRAQSIM such that multiple runs to obtain averages
may not be necessary.
These are all “loose” estimates because they are averages for the 13 receptors, and
additional runs involving other scenarios need to be conducted for better statistics. However,
they at least show a rough order-of-magnitude of the stochastic effects of the model which,
again, appears to be small and acceptable.

5.4 Model Validation
The development of a model would be incomplete without a validation exercise.
Therefore, a major effort was undertaken to process existing high-quality field data to validate
the modeled concentrations in TRAQSIM. The work actually involved comparing the modeled
results of both CAL3QHC and TRAQSIM to the measured data. The following sections provide
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information on the data, the processing required, and comparisons of modeled versus measured
results.
Due to the staggering runtimes associated with running a complex intersection scenario
(see Table 22), each of the approach roadways were modeled independently across 8 computers.
With 16 approach links, each computer was used to model the traffic entering the intersection
from two links. The modeled concentrations from each of the computers were summed for each
receptor to obtain the final results for a scenario. This allowed runtimes to be dramatically
reduced from approximately 3 weeks for one scenario to approximately 1 day.

5.4.1 Background on Data
The high-quality data was obtained from a major field collection effort that was
conducted in the 1993-1995 period as part of an NCHRP-sponsored project (Carr 1986). The
data was collected from Tucson, Arizona and Denver, Colorado, and it included all of the
meteorological and traffic data in 15-minute averages (intermediate values developed from the
truly raw data which were collected in resolutions of seconds and minutes). The 15-minute data
from these sites allow high-fidelity modeling in both CAL3QHC and TRAQSIM. However,
only the data from the Denver site was considered for this validation exercise in part due to the
shear volume of data that would have to be processed for two sites. Also, since the Denver site
was the second site to be included in the measurements, it was generally considered to have more
reliable data. Furthermore, as part of the Denver database, a fully built MOBILE5 input file had
already been developed by the data caretakers. Therefore, the validation exercise was conducted
using just the Denver data. Since this data itself was too voluminous for all of it to be used, only
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a few hours worth of data were processed; but these few hours still resulted in over 260 data
points. The dates and time periods associated with the measured data are shown in Table 25.

Table 25
Measurement Data (Scenario) Dates and Times
Scenario Number
1
2
3
4
5
6
7
8
9
10
11

Measurement Date
January 10, 1995
January 10, 1995
January 10, 1995
January 10, 1995
January 11, 1995
January 11, 1995
January 11, 1995
January 12, 1995
January 12, 1995
January 12, 1995
January 12, 1995

Measurement Time
7 am – 8 am
10 am – 11 am
1 pm – 2 pm
5 pm – 6 pm
7 am – 8 am
10 am – 11 am
5 pm – 6 pm
7 am – 8 am
10 am – 11 am
1 pm – 2 pm
5 pm – 6 pm

5.4.2 Data Processing
In general, the processing involved determining 1-hour averages or totals from the 15minute values. The database included the following types of information:

•

Meteorology

•

Geometric layout of roadways

•

Receptor locations
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•

CO concentrations

•

Traffic volumes

•

Traffic turning volumes

•

Vehicle speeds

•

Signal timings

•

MOBILE5 input file

For the meteorological data, 1-hour averages were developed for CAL3QHC but 15minute values were used in TRAQSIM. As previously explained in Section 3.2.6, TRAQSIM
allows multiple time-varying meteorological data to be used. Therefore, 4 sets of wind speed,
wind direction, and temperature as well as their measurement heights were used in TRAQSIM.
These data were available at heights of 3 m and 10 m. The 10 m values were used in order to
correspond with the height used to determine stability classes. For temperatures, only one height
(2 m) was available. Since temperature is modeled ubiquitously in TRAQSIM (and CAL3QHC
as well), the height had no direct effect within the models.
Although 15-minute data was used in TRAQSIM, the atmospheric stability class was
held constant in part to provide some continuity during the simulation. It was also felt that trying
to model a change in stability class over the course of a short time period (i.e., 1 hour) would
have been dubious. Therefore, an overall stability class was determined from using average
values of wind speed, standard deviation of the change in wind direction, and their associated
heights. Specifically, EPA’s definition of stability classes were followed as indicated by Table
26.
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Table 26
EPA’s Classification of Atmospheric Stability Class
Standard Deviation of
horizontal wind
direction fluctuations
(degrees)
Greater than 22.5

Stability Class
A

17.5 to 22.5

B

12.5 to 17.5

C

7.5 to 12.5

D

3.8 to 7.5

E

Less than 3.8

F

If it is Nighttime and
Wind Speed at 10 m
height is… (m/s)
<2.9
2.9 to 3.6
>3.6
<2.4
2.4 to 3.0
>3.0
<2.4
>2.4
Wind speed not
considered
Wind speed not
considered
Wind speed not
considered

Then Reassign Stability
Class as…
F
E
D
F
E
D
E
D
D
E
F

Source: (EPA 1986).

Using the definitions in Table 26, the stability classes were determined as shown in Table 27.
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Table 27
Stability Class for each scenario
Scenario Number
1
2
3
4
5
6
7
8
9
10
11

Stability Class
F
C
B
F
F
A
D
F
A
A
F

The geometric positions of roadways (links) were based on a representative overhead
drawing of the intersection provided as part of the data that was approximately to scale. The
lengths and relative positions of the links were scaled accordingly with some small possible
errors introduced due to the scaling process. All links were assumed to have zero height (i.e., z =
0 m). A total of 60 links were modeled. Figure 39 shows a graphical representation of these
links as modeled in TRAQSIM.
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Figure 39: Overhead View of modeled links in TRAQSIM

The circular objects are receptors, and the darker receptors indicate the overlap of two or
more receptors. That is, the receptor locations in Figure 38 with the darker circles represent
collocated receptors or at least those having the same x and y values. Receptor positions were
obtained from tabular listings of relative coordinates that used the outer edges of the intersections
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(i.e., curbs) as guides. Although 36 receptor locations were seemingly provided in the Denver
data, only 24 were deemed usable because the other 12 were either duplicates (e.g., same
receptor coordinates and names) or the coordinates seemed erroneous. Of the remaining 24
receptors, a few were collocated during the field measurements for checking purposes.
The processing of the CO concentrations was straightforward. First, the 15-minute
values were averaged into 1-hour concentrations. Then they were matched with the 24 receptor
locations. Background concentrations were determined by choosing an appropriate upwind
receptor. This agrees with the usual definition for verification/validation studies and was
considered more accurate than trying to determine a general nominal value for the Denver area
(Cooper 1987). These receptors were selected based on their upwind status with regards to the
wind changes that occur during the course of an hour. In each of the 11 scenarios, the wind
changes were relatively small such that the choice of receptors were justified. In some cases, the
chosen receptors did not experience the lowest average concentrations. There were some
downwind receptors that actually had lower (generally by a small amount) concentrations.
Because these differences were small, the upwind receptors were still used in deriving a
background concentration for consistency of methodology. Table 28 shows the background
concentrations for each scenario.
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Table 28
Background Concentrations Corresponding to Upwind Receptors
Scenario Number
1
2
3
4
5
6
7
8
9
10
11

Background Concentration (ppm)
0.889
0.454
0.483
1.726
3.831
1.959
0.782
0.727
1.353
0.435
1.414

The traffic volumes were totals for each direction (i.e., rather than each lane) and were
specific to each 15-minute period in each day. In contrast, the turning volumes were just
representative values for 15-minute periods gathered over two days. Therefore, the turning
volumes were used to derive representative fractions of turns that were applied to the approach
traffic volumes.
Similar to the turning movement data, the speed data were also representative values
measured over three days and categorized into AM and PM periods and direction (e.g.,
westbound, southbound, etc.). The speed samples for each of these categories were plotted and
two peaks were identified in each of the distributions (i.e., a bimodal distribution). The higher
peak was used to identify the cruise speed.
Signal timing data were also just representative values specific to only the AM and PM
periods of the day. A total of 17 signals (one signal per link) were created in order to properly
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model the interrupted traffic flows. These signals were grouped into 8 categories corresponding
to the through and turning traffic.
The MOBILE5 input file was used as the basis for the development of the MOBILE6.2
input file. Guidelines in the MOBILE6.2 User’s Guide (EPA 2002) were followed in converting
the MOBILE5 file. All of the input files for MOBILE6.2 (including the external files) and any
assumptions for each of the parameters are provided as part of Appendix D. In addition to the
MOBILE6.2 input data, the MOBILE5 VMT fractions were also used to determine the VMT
fractions of CMEM vehicle types. To do this, the age distributions from the MOBILE5 file were
used in conjunction with the guidelines in the CMEM User’s Guide (Barth 2001).
The purpose in processing all of this data was to develop input files for both CAL3QHC
and TRAQSIM. The sample input files (one scenario) for both models are presented in
Appendix C. Input files for all other scenarios are very similar.

5.4.3 Modeled Versus Measured Comparisons
Comparisons of concentrations were based on 1-hour samples. A total of 264 data points
from the 11 scenarios in Table 25 were modeled. The overall comparisons involving all
scenarios are shown in figures 40 and 41.
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Figure 40: CAL3QHC Modeled Versus Measured Comparisons of all Scenario Data Points
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Figure 41: TRAQSIM Modeled Versus Measured Comparisons of all Scenario Data Points

Because the plots in figures 40 and 41 include all data points, they include all stability classes
(A-F). Figures 42 through 45 show comparisons of unstable-neutral (A-D) and stable stability
categories (E-F).
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Figure 42: CAL3QHC Modeled Versus Measured Comparisons of Unstable-Neutral Stability
Classes (A-D)
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Figure 43: TRAQSIM Modeled Versus Measured Comparisons of Unstable-Neutral Stability
Classes (A-D)
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Figure 44: CAL3QHC Modeled Versus Measured Comparisons of Stable Stability Classes (E-F)
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Figure 45: TRAQSIM Modeled Versus Measured Comparisons of Stable Stability Classes (E-F)

The statistical parameters corresponding to the comparisons shown in figures 40 through 45 are
presented in Table 29.
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Table 29
Statistical Parameters from comparing Modeled versus Measured Concentrations
Stability Conditions

All

Unstable/Neutral (A-D)

Stable (E-F)b

a

Statistical Parametera

CAL3QHC

TRAQSIM

Number of Data Points
Overall Error
Bias
-/+ 95% Confidence Interval
Random Error
Correlation Coefficient, r
Coefficient of Determination, R2
Slope
Y-Intercept
Number of Data Points
Overall Error
Bias
-/+ 95% Confidence Interval
Random Error
Correlation Coefficient, r
Coefficient of Determination, R2
Slope
Y-Intercept
Number of Data Points
Overall Error
Bias
-/+ 95% Confidence Interval
Random Error
Correlation Coefficient, r
Coefficient of Determination, R2
Slope
Y-Intercept

264
2.180
0.393
0.260
1.587
0.849
0.721
1.265
-0.429
144
1.287
-0.244
0.209
1.309
0.553
0.305
0.416
0.886
120
2.911
1.157
0.485
1.588
0.850
0.722
1.430
-0.869

264
4.084
2.629
0.379
1.726
0.778
0.605
1.409
1.357
144
2.998
1.942
0.378
1.310
0.497
0.247
0.886
2.144
120
5.089
3.452
0.679
1.854
0.768
0.590
1.529
0.961

Definitions of statistical parameters are provided in Appendix E.
All data were based on F stability classes (i.e., there were no E stability classes).

b

All of the plots and statistical parameters were generated using a commercially-available
software package, STATISTICA (StatSoft 2001). The overall and stable stability class
comparisons show relatively “good” agreement with measured data by both models. CAL3QHC
and TRAQSIM show R2 values of 0.721 and 0.605 overall and R2 values of 0.722 and 0.590 for
the stable cases, respectively. Although the unstable-neutral conditions show poor agreement
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(R2 values of 0.305 and 0.247), it was expected due to the difficulties of modeling unstableneutral conditions. And since stable conditions are more important in terms of conservative
modeling, the focus of these comparisons should be on the stable (and overall) conditions. In
general, the results appear to show that TRAQSIM is more conservative than CAL3QHC.
All of the comparison plots and the statistical parameters generally show CAL3QHC
outperforming TRAQSIM. However, since the statistical parameters are relatively close in many
cases, it may be inappropriate to conclude that CAL3QHC is a better model than TRAQSIM.
For example, the Random Error statistics are relatively close (especially for the unstable/neutral
category) and it would be difficult to judge one model over the other. For these types of
modeled versus measured comparisons, the Random Error statistic may be one of the better
gauges of performance. In the future, further analyses at other locations with many more data
points should be conducted before a definitive judgment can be made. Also, while CAL3QHC is
a mature model that has been developed over time, TRAQSIM is new and has much more
potential for improvement because of its flexibility and the more realistic modeling of physical
phenomena. All of these reasons lead to the conclusion that it will be easier to improve
TRAQSIM’s physical parameters as opposed to the approximations used in CAL3QHC.
A deeper inspection of some of the results indicate that while overall CAL3QHC may be
generally better performing, some of the TRAQSIM results more attractive. For example,
CAL3QHC shows negative y-intercepts for the all and stable categories while TRAQSIM’s yintercepts are positive. Also, the negative bias that CAL3QHC exhibits for the unstable-neutral
category is unattractive as it may indicate a trend toward underprediction. In contrast, the bias
for TRAQSIM is positive. In general, it is preferable for models of this type to overpredict
rather than underpredict
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While CAL3QHC appears to perform better overall, the individual scenarios showed
mixed results. Table 30 shows R2 values for each of the 11 scenarios.

Table 30
R2 values for each Scenario
Scenario Number
CAL3QHC R2
TRAQSIM R2
0.479
0.357
1
2
0.285
0.639
3
0.391
0.398
4
0.830
0.382
5
0.618
0.132
6
0.215
0.250
7
0.598
0.573
8
0.669
0.561
9
0.345
0.630
10
0.614
0.607
11
0.365
0.458
Note: Highlighted values indicate better aggrement with
measured data. Each scenario is composed of 24 data points.

As indicated in Table 30, the best performer on a scenario-by-scenario basis was about evenly
split with CAL3QHC performing better in 6 scenarios while TRAQSIM performed better in 5
scenarios. Although other statistical parameters could be added to this table for a more complete
comparison, these R2 values illustrate the difficulty of making definitive conclusions about one
model performing better than the other. As previously indicated, additional scenarios with more
data points will need to be modeled.
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In addition to these analyses, additional comparisons could also be conducted using
ranges of concentrations. That is, similar to categorizations by stability classes, the
concentrations from each model could be categorized into perhaps “low,” “middle,” and “high”
categories. This may further help to gauge the performance of each model in part by reducing
the skewing effect of the lower concentrations to the higher ones.
While the comparisons are inconclusive, part of the reason why CAL3QHC appears to
outperform TRAQSIM on an overall basis is likely due to the stochastic nature of TRAQSIM
which will tend to produce a greater spread of results. Further work concerning this model may
need to explore ways to tighten up these spreads possibly by narrowing the distributions of
stochastic variables. Also, averaging results from multiple runs will help to decrease the spread
in TRAQSIM. Although current runtimes prohibit this, increases in computer speeds should
allow this approach in the future.
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CHAPTER SIX: SENSITIVITY AND TRENDS ANALYSES
Some sensitivity and trends analyses were conducted to determine the effects of certain
variables on the modeled results (concentrations). To do this, each of the variables tested were
changed while holding all other variables constant. The scenario layout shown in Figure 35
(from Section 5.2.1) was used as the basis for all of the analyses. This scenario involved the use
of a single light-duty vehicle type (i.e., CMEM ID = 5). And as a reminder, the default method
of using the same seed value for the random number generator was used. The following sections
describe each of the analyses that were conducted.

6.1 Time-Step
The first sensitivity analysis involved the variance of the time-step (time increment)
variable used to advance the simulation. Table 31 shows the scenario parameters (variables held
constant) used to analyze the effects of varying the time-step, and Figure 46 shows a plot of
modeled concentrations versus time-step.
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Table 31
Scenario Parameters for Time-Step Analysis
Variable
Stability Class
Wind Speed
Wind Angle
Traffic Volume
Sampling Interval
Free-Flow Vehicle Speed
Receptor Height

Value
D
2 m/s @ 10 m
0 deg.
300 vph
1.0 s
35 mph
2m

R1

0.3

R2
R3

0.25
Concentration (ppm)

R4
R5

0.2

R6
0.15

R7
R8

0.1

R9
R10

0.05

R11
R12

0

R13
0.25

0.5

0.75

1

1.25

1.5

1.75

2

2.25

2.5

2.75

Tim e-Step (sec)

3

3.25

3.5

3.75

4

R14
R15

Figure 46: Plot of Modeled Concentrations Versus Time-Step

The R1 through R15 indicators in Figure 46 represent the 15 receptors shown in Figure 35. As
indicated in the plot, there is no readily identifiable trend for the changes in concentrations due to
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changes in time-step. As such, the purpose of this analysis was not to identify trends but to
determine the highest time-step that would produce acceptable results. Figure 46 shows that the
receptor concentrations below 1 second are relatively similar while those above 1 second are
noticeably different. Therefore, 1 second was chosen as the default time-step used for all
modeling within TRAQSIM. This time-step value represents a tradeoff between keeping
runtimes manageable and the results acceptable. With a 1 second time-step, vehicles traveling at
35 mph will produce a puff at every 15.6 m while those traveling at 5 mph will produce a puff at
every 2.2 m. This indicates that as vehicles decelerate to a stop, the distances between puff
emittance will decrease, thereby providing higher fidelity near the actual intersection. That is,
the density of puffs will be increased near the middle of the intersection, and the mass of the
puffs will vary appropriately with varying vehicle speeds. Also, due to the stochastic nature of
vehicle speeds and vehicle types, puffs will be randomly emitted along the length of a link
because vehicle positions along the length of a link will vary from one vehicle to another during
each time step. Therefore, the unwanted effects of the larger distances between puff emittances
is reduced.

6.2 Concentration Sampling Interval
Similar to the time-step analysis, the purpose of the sampling interval analysis was to
determine the highest intervals that would still produce acceptable results. But unlike the timestep analysis, the sampling interval does not have as significant an effect on total runtimes.
Therefore, more emphasis was place on accuracy of results rather than reducing runtimes. Table
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32 shows the scenario parameters (variables held constant) used to analyze the effects of varying
the sampling increment, and Figure 47 shows a plot of modeled concentrations versus time-step.

Table 32
Scenario Parameters for Sampling Interval Analysis
Variable
Stability Class
Wind Speed
Wind Angle
Traffic Volume
Time-Step
Free-Flow Vehicle Speed
Receptor Height

Value
D
2 m/s @ 10 m
0 deg.
300 vph
1.0 s
35 mph
2m

0.3

R1

.

R2
0.25

R3

Concentration (ppm)

R4
0.2

R5
R6
R7

0.15

R8
R9

0.1

R10
R11

0.05

R12
R13

0

R14
1

1.5

2

2.5

3

4

5

6

7

8

9

10

Sampling Interval (sec)

Figure 47: Plot of Modeled Concentrations Versus Sampling Interval
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25

50

100

200

R15

Figure 47 appears to show that for all of the sampling intervals, the concentrations appear to be
consistent for each receptor even though some higher values for receptor 15 (R15) are shown for
the 50 and 200 intervals. Even though this appears to be the case, the sampling interval was set
to 1 second as default in order to match the time-step. This helps to reduce uncertainties and
questions about the results.

6.3 Puff Merging Interval
The 1,000 puff interval used for merging puffs is based on observations of the tradeoff
between runtime and the number of existing puffs during various simulations. The observations
indicated that this appeared to be a reasonable number. To justify the use of this number for
accuracy purposes, a sensitivity analysis was conducted using various other merging intervals.
Table 33 shows the scenario parameters and figures 48 and 49 show the results of this analysis.

Table 33
Scenario Parameters for Puff Merging Interval Analysis
Variable
Stability Class
Wind Speed
Wind Angle
Traffic Volume
Time-Step
Sampling Interval
Free-Flow Vehicle Speed
Receptor Height

Value
D
2 m/s @ 10 m
0 deg.
300 vph
1.0 s
1.0 s
35 mph
2m
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.

0.01

Concentration (ppm)

0.012

0.008
0.006
0.004
0.002
0
200

400

600

800

1000

1200

1400

1600

1800

2000

Puff Merge Interval (number of puffs)

Figure 48: Plot of Modeled Concentrations Versus Puff Merging Interval for Receptor 8

Concentration (ppm)
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0.05
0.04
0.03
0.02
0.01
0
200

400

600

800

1000

1200

1400

1600

1800

2000

Puff Merge Interval (num ber of puffs)

Figure 49: Plot of Modeled Concentrations Versus Puff Merging Interval for Receptor 12

The figures generally appear to indicate that there is no discernible trend in concentrations due to
changes in the merging interval. The standard deviations as percent of the average
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concentrations are 12% and 8% for receptors 8 and 12, respectively. These small standard
deviations indicate that the use of the 1,000 puff interval will not cause any significant errors in
the results. Indeed, this analysis has shown that any of the intervals from 200 to 2,000 (and
possibly others) will not cause any significant errors. But as previously explained, the 1,000
interval was chosen as through observations of runtime and the number of existing puffs. If
merging is conducted too often, it could increase runtimes due to the complex merging
algorithms, and if merging is not conducted enough times, then too many puffs will exist causing
an increase in runtimes. Therefore, the 1,000 interval was chosen as a compromise between
these too factors.

6.4 Stability Class
Stability class was varied from A to F while holding all other variables constant. Table
34 shows the parameters used for this analysis.

Table 34
Scenario Parameters for Stability Class Analysis
Variable
Time-Step
Wind Speed
Wind Angle
Traffic Volume
Sampling Interval
Free-Flow Vehicle Speed
Receptor Height

Value
1.0 s
2 m/s @ 10 m
0 deg.
300 vph
1.0 s
35 mph
2m
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In general, the results did not appear to show any clear trends. Figure 50 shows the results for
receptor 11 (positioned right after the signal as shown in Figure 35) that was somewhat typical
for all receptors.

0.08

.

0.07

Concentration (ppm)

0.06
0.05
0.04
0.03
0.02
0.01
0
A

B

C

D

E

F

Stability Class

Figure 50: Plot of Modeled Concentrations Versus Stability Class for Receptor 11

Conceptually, it would seem that concentrations should increase with increasing stability (i.e., as
A goes to F). However, the interactive effects (or tradeoffs) between dispersion parameters,
atmospheric rise, receptor, and wind speed resulted in highest concentrations for stability classes
B and C. The receptor heights for this analysis were constant at 2 m (6.6 ft).
To investigate these interactive effects, an additional analysis was conducted by varying
receptor heights. Figure 51 shows the results of this additional analysis.
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0.1

Concentration (ppm)

0.09
0.08
0.07

H0.5

0.06

H1.0

0.05

H3.5

0.04

H5.5

0.03
0.02
0.01
0
A

B

C

D

E

F

Stability Class

Figure 51: Plot of Modeled Concentrations Versus Stability Class for Receptor 11 with varying
heights (i.e., varying receptor z-values).

The H0.5 through H5.5 indicators in Figure 51 refer to receptor heights (e.g., H0.5 refers to a
receptor height of 0.5 m). These results show similar trends to the initial analysis conducted with
a receptor height of 2 m (Figure 50). Although there are some variations, the middle stability
classes appear to experience the higher concentrations. This again does not seem to agree with
intuition that as stability class changes from A to F, concentrations should steadily increase.
Additional analyses will need to be conducted to determine how the interactive effects of the
various aforementioned parameters cause such distributions of concentrations. In particular, the
tradeoffs between wind speed and receptor/puff height will need to be considered with a careful
eye on when/where the critical wind speed occurs (Cooper 1994).
As an aid in this analysis, the final puff height after rise (from the original 0.315 m
release height) for unstable/neutral and stable classes for the one light-duty vehicle type modeled
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are about 0.5 m and 4.0 m, respective. From analyzing some intermediate outputs from
TRAQSIM, the rise for the unstable/neutral cases (0.5 m) appears to occur almost
instantaneously while the rise for the stable cases (4.0 m) appears to gradually occur (e.g., about
30 seconds). This is the outcome of applying Briggs’ equations (see Section 3.5.3) developed for
power plant plumes to puffs from vehicles, and it seems to disagree with findings associated with
traditional power plant plume rises which seems to favor higher and more gradual rises for the
unstable/neutral conditions. One possible explanation for this difference could be due to the
difference in smaller heat energy (modeled as heat emission rate) between a relatively small puff
from a vehicle versus a large plume from a power plant. That is, the heat energy (buoyant force)
has a much smaller effect in relation to the effects of stability classs for a vehicle-created puff
than a power plant plume. Additional analyses will need to be conducted to investigate these
effects.

6.5 Wind Speed
Wind speed was varied from below 1 m/s to 5 m/s. Table 35 shows the scenario
parameters used to analyze wind speed, and Figure 52 shows a plot of modeled concentrations
versus wind speed for receptor 8.
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Table 35
Scenario Parameters for Stability Class Analysis
Variable
Time-Step
Stability Class
Wind Angle
Traffic Volume
Sampling Interval
Free-Flow Vehicle Speed
Receptor Height

Value
1.0 s
D
0 deg.
300 vph
1.0 s
35 mph
2m

.

0.016
0.014

Concentration (ppm)

0.012
0.01
0.008
0.006
0.004
0.002
0
0.25

0.5

0.75

1

1.5

2

2.5

3

3.5

4

4.5

5

Wind Speed (m/s) at 10 m Height

Figure 52: Plot of Modeled Concentrations Versus Wind Speed for Receptor 8

The typical plot (typical for a receptor) shown in Figure 53 indicates that concentration
generally decreases with increasing wind speed but in an uneven fashion. The decrease in
concentration was expected due to the greater density of puffs at lower wind speeds, but the
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uneven bumps were somewhat unexpected. These bumps are likely due to the stochastic
elements including vehicle speeds, vehicle positions, vehicle type, etc. which all affect the
location and mass of the puffs. Quantitatively, the change in wind speed from 1 m/s to 5 m/s
caused the concentration to be reduced by a factor of about 0.8. This factor is generally
consistent for the other receptors as well, notwithstanding the aforementioned stochastic effects.
Considering the implementation of wind speed in the Gaussian plume equations,
concentrations should be approximately inversely proportional to wind speed. Therefore, with a
change in wind speed of 1 to 5 m/s, concentrations should decrease by a factor of 1/5 or 0.2.
Although these wind speeds correspond to a nominal height of 10 m, the same 1/5 factor should
still hold because a conversion of the wind speeds to typical puff heights (e.g., 0.5 m) under
stability class D would be directly proportional to the wind speeds at the 10 m height according
to the power law equation (Equation 20). Since the 1/5 factor was not observed for the
concentrations, there were likely other factors that may have caused some interactive effects.
Future analyses of wind speeds should take into account the interactive effects of atmospheric
rise and receptor heights, paying particular attention to the previously mentioned critical wind
speed.

6.6 Vehicle Speed
Vehicle approach speed was varied from 20 mph to 55 mph. Table 36 shows the scenario
parameters used to analyze vehicle speed, and figures 53 and 54 show plots of modeled
concentrations versus vehicle speed for receptors 8 and 12, respectively.
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Table 36
Scenario Parameters for Vehicle Speed Analysis
Variable
Time-Step
Stability Class
Wind Angle
Traffic Volume
Sampling Interval
Wind Speed
Receptor Height

Value
1.0 s
D
0 deg.
300 vph
1.0 s
2.0 m/s @ 10 m
2m

.

0.016
0.014

Concentration (ppm)

0.012
0.01
0.008
0.006
0.004
0.002
0
20

22.5

25

27.5

30

32.5

35

37.5

40

42.5

45

47.5

50

52.5

55

Average Free-Flow Approach Speed (mph)

Figure 53: Plot of Modeled Concentrations Versus Average Free-Flow Approach Speed for
Receptor 8
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Figure 54: Plot of Modeled Concentrations Versus Average Free-Flow Approach Speed for
Receptor 12

The plot in Figure 54 is typical for receptors before the signal. The reason for the
decrease in concentrations with increasing vehicle speed is likely due to the lower emission
factors associated with the deceleration mode. As vehicle speeds increase, more vehicles will be
in the deceleration mode simply because of the greater distance required to stop vehicles with
higher speeds. This is certainly true during a red (or yellow) signal phase and it may also be true
during the green phase as well since a follower vehicle will need a longer distance to decelerate
due to a slower leader vehicle. But it is likely that most of the increase in the deceleration times
during a simulation will be due to vehicles decelerating during a red signal. Therefore, even
though vehicles will have higher speeds, their emission rates will be lower because they will
more often be in the deceleration mode before the signal. In contrast, the plot in Figure 55 is
typical for receptors after the signal, and it shows increasing concentrations with vehicle speeds.
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Even though acceleration rates decrease with speed, the sheer increase in the time spent in the
acceleration mode likely results in an increase in emissions. And as previously indicated in
Section 6.4 the bumps (or unevenness) seen in both figures are thought to be due to stochastic
effects.

6.7 Traffic Volume
Traffic volume was varied from 50 to 500 vph. Table 37 shows the scenario parameters
used to analyze traffic volume, and Figure 55 shows plots of modeled concentrations versus
vehicle speed for receptors 8 and 12.

Table 37
Scenario Parameters for Vehicle Speed Analysis
Variable
Time-Step
Stability Class
Wind Angle
Free-Flow Vehicle Speed
Sampling Interval
Wind Speed
Receptor Height

Value
1.0 s
D
0 deg.
35 mph
1.0 s
2.0 m/s @ 10 m
2m
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0.09

Concentration (ppm)

0.08
0.07
0.06
0.05

R8

0.04

R12

0.03
0.02
0.01
0
50

100

200

300

400

500

Vehicles per Hour (vph)

Figure 55: Plot of Modeled Concentrations Versus Traffic Volume for Receptors 8 and 12

As expected, the concentrations for typical receptors before (receptor 8) and after
(receptor 12) the signal both show increasing concentrations with increasing traffic volumes.
However, the concentrations for receptor 8 (before the signal) appears to be more sensitive to
changes in traffic volume. The change in concentration ratios for receptor 8 range from 1.7 to
2.6 (increases) while those for receptor 12 range from 1.6 to 1.2 (decreases). This means that
concentrations resulting from the queue portion of traffic is more sensitive to changes in traffic
volume than the acceleration portion.
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CHAPTER SEVEN: CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions
The development of TRAQSIM was an experiment to see if a more realistic and flexible
model than CAL3QHC could be developed through the use of a simulation approach. The use of
traffic simulation and puff dispersion methodologies allowed the model to be relatively
straightforward. That is, the input data requirements and scenario setup are more intuitive for the
user than CAL3QHC. This is due to the fact that CAL3QHC models physical phenomena
through macroscopic methods whereas TRAQSIM models physical phenomena at a more
fundamental (or detailed) level. Although easier for the user to understand, the fundamental
modeling results in a more complex model where each individual component related to traffic,
emissions, and dispersion modeling needs to be treated separately. The consequence is that
runtime is increased. Although runtimes are drastically longer than CAL3QHC, distributed
processing over multiple computers has shown that runtimes can be significantly reduced. With
more powerful computers being introduced each year, runtimes should continue to decrease.
As CAL3QHC is the de facto standard upon which to conduct comparisons with
TRAQSIM, the HYROAD model is methodologically most similar to TRAQSIM. But
TRAQSIM is a more appealing model mainly due to the integration of each of the various
modules. In contrast, HYROAD uses a disaggregated approach where each module is used one
at a time in a serial fashion, thereby essentially representing an amalgamation of separate
models. The integration approach used in TRAQSIM also tends to allow for better modeling
performance because there are fewer restrictions on the interactions and feedbacks between the
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modules. A natural outcome of such a true integration is that it frees-up the user from having to
translate and/or understand the use and effects of the same variable in different modules/models.
The verification work has shown that the modeling parameters (e.g., traffic parameters)
used within TRAQSIM appear to be reasonable. Specifically, analyses of headways, queue
lengths, and traffic volumes appear to show that they match well with literature and/or real world
data. In addition, an analysis of multiple runs appeared to show relatively small effects due to
the stochastic factors within the model. Specifically, the simple analysis showed that
concentrations may vary by about 15% based on 95% confidence. This is very acceptable
considering the accuracy of current state-of-the-art models. Additional analyses with other
scenarios should be conducted to corroborate these findings.
The complex validation work showed that both CAL3QHC and TRAQSIM produces
“good” reaults. The overall R2 values were 0.721 and 0.605 for CAL3QHC and TRAQSIM,
respectively with similar values for the stable stability class cases. Although the statistical
parameters appear to show CAL3QHC outperforming TRAQSIM, certain parameters (e.g., yintercept and bias) were more attractive for TRAQSIM in some cases. Also, on a scenario by
scenario basis, the results were mixed such that CAL3QHC showed higher R2 values for 6
scenarios while TRAQSIM showed higher R2 values for 5 scenarios. Additional comparisons
with larger datasets at other locations will need to be conducted to arrive at a more definitive
conclusion regarding the performance of the two models. Also, while CAL3QHC is a mature
model that has been developed over many years, TRAQSIM is new and has much more potential
for improvement. The physical parameters used in TRAQSIM allow it to be more directly (more
logically) improved than the approximations used in CAL3QHC.
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Sensitivity and trend analyses were conducted to determine an appropriate modeling
time-step and the effects of several key variables. Tests showed that a 1 second time-step will
produce consistent (accurate) results when compared to results from a much smaller time-step.
The concentration sampling times were also set to 1 second to match the time-step. In general,
the analyses revealed behaviors by the model that were expected for wind speed, vehicle speed,
and traffic volume. As wind speed increased, concentrations decreased while concentrations
increased when traffic volumes increased. For vehicle speed, it depended on the position of the
receptors either before or after the signal. Those before the signal experienced decreasing
concentrations with increasing speeds while those after the signal experienced increasing
concentrations with speed. Both of these effects are likely due to changes in emission factors
with speed. The only unexpected finding from these analyses was that some of the unstable
stability classes (e.g., B, C, etc.) produced higher concentrations than the stable classes (e.g., F).
This was attributed to the difference in atmospheric rise for the different stability classes. Since
puffs under unstable classes will experience smaller rises, they will be closer to the receptors (in
the vertical direction), thus resulting in higher concentrations. But this will not always be the
case as it depends on receptor height.

7.2 Recommendations
During the course of this project, several recommendations were identified including both
specific component and overall system/study levels. The following recommendations will help
further refine the model and allow for better acceptability by the modeling community:

165

•

Investigate modal emissions models further. Implementations and testing of other
models may help to understand the differences between these models further and allow
for a better justification of the use of CMEM.

•

To make the model more flexible and updateable, allow the flexibility to update (perhaps
through the GUI) the modal emission factors (i.e., that is currently within the CMEM
lookup tables).

•

Investigate the development and use of regressed equations instead of lookup tables for
modal emissions modeling. This would allow simpler coding and may improve runtimes.

•

Conduct more validation analyses using more processed data from the Denver site and
from the Tucson site as well. Other datasets from other other studies could also be used
in the analyses.

•

Conduct further sensitivity and trends analyses to help understand the behavior of the
model. This helps to verify that the model is working properly.

•

Conduct further verification analyses of the effects of stochastic variables by modeling a
variety of different scenarios.

•

As part of the validation work, compare TRAQSIM’s results with other existing models
such as CALINE4, TEXIN2-4, FLINT, and HYROAD.

•

Obtain more detailed vehicle geometry data and use finer vehicle types in the model.
This applies especially for the larger vehicle types.

•

Improve traffic simulation algorithms including unprotected turns and lane changing
capabilites. For unprotected left turns, specifically investigate the incorporation of an
intelligent algorithm that takes into account the interaction between the turning vehicles
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and through traffic by analyzing parameters such as the gap distances in the through
traffic.
•

Provide the user the option of providing their own distribution to characterize the creation
(or arrival) of vehicles on links, such as a shifted negative exponential distribution.

•

Optimize the Visual Basic code to improve runtimes. The possibility of using a Dynamic
Link Library (DLL) written in a lower-level language (e.g., C/C++) to perform hardcore
calculations should be investigated.

•

Make the GUI more friendly and functional. Although this essentially has no
scientific/engineering merits, it will further help in user acceptance of the model.

•

Investigate the use of a Monte Carlo particle modeling approach. This method could
potentially further increase runtime but may improve the modeled results.

•

Investigate other atmospheric rise methodologies to try and improve the modeled results.
Obtain better vehicle exhaust temperature data and exhaust geometry (diameter and
height) for various vehicle types.

•

Investigate the development of a “pushing piston” model to augment the vehicle wake
drag (or pulling) effects method by taking into account the vehicle-pushing (or “positive
pressure”) effect on puffs.

•

Investigate the interactive effects of individual wakes to determine if their effects can
continue to be assumed to be additive or if the interaction causes some other effects.

•

Investigate the use of a statistical method to allow random fluctuations of meteorological
data (e.g., wind speed and wind direction) possible based on normal distributions.
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APPENDIX A: VEHICLE EXAHUST TEMPERATURE DATA AND
REGRESSION ANALYSIS
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Test vehicles:
•

1998 Nissan Maxima (6-cylinder)

•

2000 Toyota Rav4 (4-cylinder)

Temperature measurement equipment:
•

Taylor TruTemp Digital Cooking Thermometer

•

Range of 32oF to 392oF

•

Dimensions: 4 inch x 4 inch x 2 inch

•

4 foot chord with stainless steel temperature probe

•

Model Number: 1470

Data collection period and location:
•

August 1-7, 2004

•

Weymouth and Braintree, Massachusetts

Regression Results:
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•

Model: y = 0.026x2 + 0.081064x + 324.4702

•

R2 = 0.704

•

Root MSE = 24.1

•

MSE = 580.7

•

p-value = 0

Field data:
Maxima
Speed (mph)
Temp. (K)*
60
438.7055556
65
449.8166667
50
430.3722222
30
410.9277778
20
368.15
10
365.9277778
10
333.7055556
15
338.7055556
15
345.9277778
15
348.15
15
354.8166667
15
363.7055556
15
369.8166667
15
374.8166667

Rav4
Speed (mph)
Temp. (K)*
55
355.9277778
60
383.15
30
360.9277778
35
382.0388889
35
378.15
35
383.7055556
30
388.15
30
384.8166667
30
377.0388889
10
317.0388889
25
323.7055556
30
323.7055556
35
327.0388889
40
328.7055556
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15
30
30
50
50
50
10
20
35
40
30
35
40
45
40
40
45
55
55
55
60
62
65
65
68
68
60
58
30
40
43
44
44
55
60
58
62
60
57
63
12
15
16
35
33
32
36
38
44
49
52
54
53
62

378.15
395.9277778
407.0388889
433.15
423.7055556
429.8166667
322.0388889
325.9277778
333.7055556
337.0388889
352.0388889
355.9277778
364.8166667
374.8166667
383.7055556
390.9277778
410.3722222
428.15
435.9277778
435.9277778
448.15
448.7055556
442.0388889
455.9277778
463.15
463.15
458.7055556
458.7055556
373.15
392.0388889
393.7055556
395.9277778
403.15
462.0388889
472.0388889
470.9277778
473.15
473.15
473.15
473.15
313.7055556
323.15
325.9277778
343.7055556
347.0388889
368.15
378.7055556
388.7055556
399.8166667
424.8166667
429.8166667
438.15
442.0388889
443.15

35
35
35
40
35
45
45
35
35
30
30
40
40
40
35
30
22
25
30
33
37
30
40
45
40
40
30
30
25
20
30
35
35
35
30
30
35
25
35
35
40
20
20
20
20
27
33
37
37
35
35
37
37
35

328.7055556
334.8166667
338.7055556
345.9277778
340.9277778
358.7055556
358.7055556
367.0388889
370.9277778
370.9277778
373.7055556
380.9277778
382.0388889
382.0388889
374.8166667
353.7055556
355.9277778
360.9277778
363.15
387.0388889
380.9277778
362.0388889
373.7055556
372.0388889
354.8166667
375.9277778
355.9277778
368.15
363.15
314.8166667
322.0388889
323.15
320.9277778
323.7055556
322.0388889
337.0388889
338.7055556
338.15
347.0388889
354.8166667
353.15
327.0388889
328.15
339.8166667
350.9277778
357.0388889
357.0388889
357.0388889
353.7055556
354.8166667
352.0388889
362.0388889
359.8166667
359.8166667
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63
63
62
0
0
0
0

457.0388889
464.8166667
463.15
319.2611111
318.15
314.8166667
313.7055556

38
40
41
44
40
33
35
37
30
30
33
35
35
30
10
10
13
13
13
15
12
14
10
20
23
30
35
37
38
38
40
40
42
43
10
20
30
38
37
36
35
30
35
30
5
12
13
15
30
30
30
25
30
30

362.0388889
365.9277778
369.8166667
368.7055556
360.9277778
363.15
370.9277778
369.8166667
359.8166667
365.9277778
379.8166667
382.0388889
378.15
365.9277778
348.7055556
344.8166667
350.9277778
348.7055556
344.8166667
349.8166667
334.8166667
340.9277778
313.7055556
322.0388889
324.8166667
334.8166667
344.8166667
353.7055556
355.9277778
360.9277778
364.8166667
369.8166667
378.15
382.0388889
318.15
323.7055556
325.9277778
330.9277778
333.7055556
337.0388889
338.7055556
357.0388889
383.15
365.9277778
312.0388889
313.7055556
313.7055556
320.9277778
323.7055556
323.7055556
323.15
319.8166667
328.7055556
324.8166667
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35
40
23
27
33
53
50
50
50
52
55
55
15
20
23
27
43
47
53
53
56
58
60
62
61
63
65
67
70
67
67
67
68
15
17
31
34
35
37
41
42
49
53
57
58
60
62
63
64
65
67
70
12
17

328.15
333.15
349.8166667
358.15
365.9277778
388.7055556
393.15
393.15
387.0388889
393.15
402.0388889
402.0388889
317.0388889
318.7055556
319.8166667
322.0388889
329.8166667
329.8166667
347.0388889
358.7055556
365.9277778
368.15
383.15
389.8166667
404.8166667
413.15
427.0388889
429.8166667
433.15
448.7055556
453.7055556
450.9277778
458.15
310.9277778
313.7055556
325.9277778
327.0388889
329.8166667
332.0388889
333.7055556
337.0388889
360.3722222
369.8166667
380.9277778
387.0388889
389.8166667
392.0388889
394.8166667
399.8166667
403.7055556
403.7055556
407.0388889
298.7055556
309.8166667
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32
29
59
60
62
60
59
59
55
58
48
51
54
55
55
55
53
53
60
62
61
65
66
67
68
67
63
65
64
67
61
62
57
0
0
0
0

334.8166667
343.15
440.9277778
438.15
427.0388889
428.7055556
429.8166667
430.9277778
418.7055556
417.0388889
434.8166667
435.9277778
433.15
420.9277778
415.9277778
409.8166667
409.8166667
397.0388889
409.8166667
412.0388889
418.7055556
432.0388889
434.8166667
437.0388889
438.7055556
445.9277778
433.15
440.9277778
437.0388889
440.9277778
435.9277778
442.0388889
415.9277778
325.9277778
324.8166667
318.15
319.2611111

*Converted from degrees Fahrenheit
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An example input file is provided below. The highlighted text are descriptions of the
commands/values within the input file (i.e., removal of these highlighted text results in the
example input file). Highlighted text correspond to the commands/values immediately preceding
them either to the right or above. All values are described as either COMMAND (must use the
same word), TEXT (alphanumeric), SINGLE (single precision number) or INTEGER (whole
number). Integer values can be provided for any fields requiring a single precision number.
Although spaces are shown after commas, they are not necessary as the program will not read
these trailing empty spaces. Also, it is important to stress that these input file descriptions are
only provided to allow the user to modify the input file when absolutely necessary. The
intention is to use the GUI exclusively for manipulations of input data. As such, the input file
has specifications for data such as link slope and intercept which would be tedious and difficult
for the user to provide.

Straight Road Example Descriptive TEXT – Descriptive title
SI COMMAND – Indicates SI units (currently not active since all values are by default in SI units)
0.5 SINGLE – Sampling interval (s)
0.5 SINGLE – Runtime increment (s)
4200 SINGLE – Total runtime (s)
12 SINGLE – Link (roadway) width (m)
Receptor COMMAND – Indicates the start of the Receptors section
1 INTEGER – Number of receptors
Receptor 1, -25 , 90 , 2
TEXT – Receptor name, SINGLE – x position (m), SINGLE – y position (m), SINGLE – z position (m)
Link COMMAND – Indicates the start of the Links section
1 INTEGER – Number of links
Link 1, 0 , 100 , 0 , 300 , 100 , 0 , 3.7 , 0 , 0
TEXT – Link name, SINGLE – First x position (m), SINGLE – First y position (m), SINGLE – First z
Position (m), SINGLE – Second x position (m), SINGLE – Second y position (m), SINGLE – Second z
position (m), SINGLE – Link slope (m), SINGLE – Link intercept (m)
35 , 300 , 0 , 0
SINGLE – Vehicle cruise speed (mph), INTEGER – Vehicles per hour (vph), INTEGER – Number of Tolinks, INTEGER – Existence of stop sign (0=no, 1=yes)
Signal COMMAND – Indicates the start of the Signals section
1 INTEGER – Number of signals
Signal 1, 1 , 200 , 200 , 100 , 200 , 93 , 200 , 107
TEXT – Signal name, INTEGER – Link number, SINGLE – Position on link (m), SINGLE – Signal X
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Position (m), SINGLE – Signal Y position (m), SINGLE – Signal X1 position (m), SINGLE – Signal Y1
Position (m), SINGLE – Signal X2 position (m), SINGLE – Signal Y2 position (m)
20 , 2 , 40 , Red, 0
SINGLE – Green time (s), Yellow time (s), SINGLE – Red time (s), TEXT – Start Phase (Green, Yellow,
or Red), SINGLE – Start time within start phase (s)
Emission COMMAND – Indicates the start of the Emissions (Vehicle Types) section
6.75408E-03 SINGLE – VMT fraction for CMEM vehicle type 1
6.551458E-02 SINGLE – VMT fraction for CMEM vehicle type 2
5.157517E-02 SINGLE – VMT fraction for CMEM vehicle type 3
0.1159265 SINGLE – VMT fraction for CMEM vehicle type 4
0.1159265 SINGLE – VMT fraction for CMEM vehicle type 5
3.490846E-02 SINGLE – VMT fraction for CMEM vehicle type 6
3.490846E-02 SINGLE – VMT fraction for CMEM vehicle type 7
0 SINGLE – VMT fraction for CMEM vehicle type 8
0 SINGLE – VMT fraction for CMEM vehicle type 9
2.417961E-02 SINGLE – VMT fraction for CMEM vehicle type 10
2.417961E-02 SINGLE – VMT fraction for CMEM vehicle type 11
3.392065E-02 SINGLE – VMT fraction for CMEM vehicle type 12
2.685993E-02 SINGLE – VMT fraction for CMEM vehicle type 13
2.437851E-02 SINGLE – VMT fraction for CMEM vehicle type 14
5.429889E-02 SINGLE – VMT fraction for CMEM vehicle type 15
2.671406E-02 SINGLE – VMT fraction for CMEM vehicle type 16
0.0117524 SINGLE – VMT fraction for CMEM vehicle type 17
5.781965E-03 SINGLE – VMT fraction for CMEM vehicle type 18
4.855683E-02 SINGLE – VMT fraction for CMEM vehicle type 19
2.101985E-02 SINGLE – VMT fraction for CMEM vehicle type 20
0.1113501 SINGLE – VMT fraction for CMEM vehicle type 21
7.741503E-02 SINGLE – VMT fraction for CMEM vehicle type 22
1.887878E-02 SINGLE – VMT fraction for CMEM vehicle type 23
0 SINGLE – VMT fraction for CMEM vehicle type 24
0 SINGLE – VMT fraction for CMEM vehicle type 25
0 SINGLE – VMT fraction for CMEM vehicle type 40
0.0181 SINGLE – VMT fraction for MOBILE6 vehicle type HDGV
0.0047 SINGLE – VMT fraction for MOBILE6 vehicle type LDDV
0.0024 SINGLE – VMT fraction for MOBILE6 vehicle type LDDT
0.0399 SINGLE – VMT fraction for MOBILE6 vehicle type HDDV
0 SINGLE – VMT fraction for MOBILE6 vehicle type MC
17 , 30 , 53
SINGLE – Cold Transient VMT %, SINGLE – Hot transient VMT %, SINGLE – Stabilized VMT %
Weather COMMAND – Indicates start of weather (meteorology) section
0 INTEGER – Flag to indicate if weather data is simple (e.g., one wind speed, temperature, etc.) or
complex (e.g., an external surface and/or upper air data file)
1 INTEGER – Number of weather records
0 , 3 , 2 , 45
SINGLE – Weather start time (s), SINGLE - wind speed (m/s), SINGLE – Height of wind speed (m),
SINGLE – wind direction (degrees)
21 , 3 , 1000 , F
SINGLE - Temperature (degrees C), SINGLE - Height of temperature (m), SINGLE – Mixing height (m),
TEXT - Atmospheric stability class (A to F)
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The following is a sample CAL3QHC input file for the scenario representing January 10, 1995, 7
am to 8 am period. The input files for the other 10 scenarios are similar with some minor
changes to the scenario parameters.
'January 10, 1995 7-8AM' 60. 108. 0. 0. 24 1. 0 1
'Rec 1B' -16.44 64.34 1.8
'Rec 1C' -121.36 -79.93 1.8
'Rec 1D' -60.03 25.02 9
'Rec 1E' -30.77 97.87 4.3
'Rec 2B' -80.45 88.42 1.8
'Rec 2C' 76.64 -75.62 1.8
'Rec 2D' -60.03 25.02 5.5
'Rec 2E' -30.77 97.87 4.3
'Rec 3B' -60.03 25.02 3
'Rec 3C' -37.17 25.02 3
'Rec 3D' 28.88 21.26 3
'Rec 3E' -30.77 97.87 4.3
'Rec 4B' -50.58 63.43 1.8
'Rec 4C' -16.44 64.34 3
'Rec 4D' -80.45 25.94 1.8
'Rec 4E' -30.77 97.87 4.3
'Rec 5B' -55.52 -18.97 3
'Rec 5C' -55.52 -18.97 5.5
'Rec 5D' -55.52 -18.97 1.8
'Rec 5E' -30.77 97.87 4.3
'Rec 6B' -55.52 -18.97 9
'Rec 6C' 86.79 85.27 1.8
'Rec 6D' -20.71 68.91 1.8
'Rec 6E' -30.77 97.87 4.3
'Denver run' 81 1 0 'C'
1
'FF Link 1' 'AG' -9.48 178.43 -9.48 69.56 172 35.286 0 9.6576
1
'FF Link 2' 'AG' -6.31 178.43 -6.31 69.56 111 35.286 0 9.6576
1
'FF Link 3' 'AG' -9.48 69.56 -13.9 61.33 109 35.286 0 9.34
1
'FF Link 4' 'AG' -6.31 69.56 -2.53 61.33 49 35.286 0 9.05
1
'FF Link 5' 'AG' -13.9 61.33 -13.9 30.36 109 35.286 0 9.6576
1
'FF Link 6' 'AG' -9.48 69.56 -9.48 17.07 62 35.286 0 9.6576
1
'FF Link 7' 'AG' -6.31 69.56 -6.31 17.07 62 35.286 0 9.6576
1
'FF Link 8' 'AG' -2.53 61.33 -2.53 17.07 49 35.286 0 9.6576
1
'FF Link 9' 'AG' -13.9 30.36 -31 13.9 47 35.286 0 9.6576
1
'FF Link 10' 'AG' -13.9 17.07 -9.11 -19.23 62 35.286 0 9.6576
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1
'FF Link 11' 'AG' -9.48 17.07 -9.11 -19.23 62 35.286 0 9.6576
1
'FF Link 12' 'AG' -9.11 -19.23 -9.11 -32 124 35.286 0 9.6576
1
'FF Link 13' 'AG' -9.11 -32 -9.11 -178.67 203 35.286 0 9.6576
1
'FF Link 14' 'AG' -5.7 -19.23 -5.7 -178.67 92 35.286 0 9.6576
1
'FF Link 15' 'AG' -13.9 30.36 -13.9 17.07 62 35.286 0 9.6576
1
'FF Link 16' 'AG' 0 -178.67 0 -19.23 40 35.625 0 9.6576
1
'FF Link 17' 'AG' 3.78 -178.67 3.78 -19.23 40 35.625 0 9.6576
1
'FF Link 18' 'AG' 7.59 -178.67 7.59 -19.23 160 35.625 0 9.6576
1
'FF Link 19' 'AG' 11.37 -178.67 11.37 -19.23 160 35.625 0 9.6576
1
'FF Link 20' 'AG' 14.94 -178.67 14.94 -29.96 145 35.625 0 9.6576
1
'FF Link 21' 'AG' 14.94 -29.96 29.08 -15.18 145 35.625 0 9.6576
1
'FF Link 22' 'AG' 7.59 -19.23 6.58 17.07 160 35.625 0 9.6576
1
'FF Link 23' 'AG' 11.37 -19.23 12.65 17.07 160 35.625 0 9.6576
1
'FF Link 24' 'AG' 6.58 17.07 6.58 178.43 206 35.625 0 9.6576
1
'FF Link 25' 'AG' 12.65 17.07 12.65 30.36 160 35.625 0 9.6576
1
'FF Link 26' 'AG' -6.31 17.07 -5.7 -19.23 62 35.286 0 9.6576
1
'FF Link 27' 'AG' -2.53 17.07 18.35 -7.71 49 35.286 0 9.6576
1
'FF Link 28' 'AG' 3.78 -19.23 -17.31 8.6 40 35.625 0 9.6576
1
'FF Link 29' 'AG' 0 -19.23 -17.31 5.06 40 35.625 0 9.6576
1
'FF Link 30' 'AG' -177.14 -0.76 -17.31 -0.76 46 35.203 0 9.6576
1
'FF Link 31' 'AG' -177.14 -7.83 -17.31 -7.83 221 35.203 0 9.6576
1
'FF Link 32' 'AG' -177.14 -11.77 -17.31 -11.77 221 35.203 0 9.6576
1
'FF Link 33' 'AG' -177.14 -15.18 -31 -15.18 270 35.203 0 9.6576
1
'FF Link 34' 'AG' -31 -15.18 -17.31 -15.18 221 35.203 0 9.6576
1
'FF Link 35' 'AG' -31 -15.18 -9.11 -32 49 35.203 0 9.6576
1
'FF Link 36' 'AG' -17.31 -0.76 6.58 17.07 46 35.203 0 9.6576
1
'FF Link 37' 'AG' -17.31 -7.83 18.35 -7.71 221 35.203 0 9.6576
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1
'FF Link 38' 'AG' -17.31 -11.77 18.35 -11.64 221 35.203 0 9.6576
1
'FF Link 39' 'AG' -17.31 -15.18 18.35 -15.18 221 35.203 0 9.6576
1
'FF Link 40' 'AG' 18.35 -7.71 177.78 -7.71 270 35.203 0 9.6576
1
'FF Link 41' 'AG' 18.35 -11.64 177.78 -11.64 221 35.203 0 9.6576
1
'FF Link 42' 'AG' 18.35 -15.18 29.08 -15.18 221 35.203 0 9.6576
1
'FF Link 43' 'AG' 177.78 -1.89 18.35 -1.89 30 35.521 0 9.6576
1
'FF Link 44' 'AG' 177.78 2.53 18.35 2.53 30 35.521 0 9.6576
1
'FF Link 45' 'AG' 177.78 6.95 18.35 6.95 151 35.521 0 9.6576
1
'FF Link 46' 'AG' 177.78 11.25 18.35 11.25 151 35.521 0 9.6576
1
'FF Link 47' 'AG' 177.78 15.18 29.72 15.18 183 35.521 0 9.6576
1
'FF Link 48' 'AG' 29.72 15.18 18.35 15.18 151 35.521 0 9.6576
1
'FF Link 49' 'AG' 29.72 15.18 12.65 30.36 32 35.521 0 9.6576
1
'FF Link 50' 'AG' 29.08 -15.18 177.78 -15.18 366 35.203 0 9.6576
1
'FF Link 51' 'AG' 12.65 30.36 12.65 178.43 192 35.625 0 9.6576
1
'FF Link 52' 'AG' 18.35 -1.89 -5.7 -19.23 30 35.521 0 9.6576
1
'FF Link 53' 'AG' 18.35 2.53 -9.11 -19.23 30 35.521 0 9.6576
1
'FF Link 54' 'AG' 18.35 6.95 -17.31 5.06 151 35.521 0 9.6576
1
'FF Link 55' 'AG' 18.35 11.25 -17.31 8.6 151 35.521 0 9.6576
1
'FF Link 56' 'AG' 18.35 15.18 -17.31 13.9 151 35.521 0 9.6576
1
'FF Link 57' 'AG' -17.31 5.06 -177.14 5.06 191 35.521 0 9.6576
1
'FF Link 58' 'AG' -17.31 8.6 -177.14 8.6 191 35.521 0 9.6576
1
'FF Link 59' 'AG' -17.31 13.9 -31 13.9 151 35.521 0 9.6576
1
'FF Link 60' 'AG' -31 13.9 -177.14 13.9 198 35.521 0 9.6576
2
'Queue Link 6' 'AG' -9.48 17.07 -9.48 69.56 0. 9.6576 1
98 68 3. 62 267.8 1600 1 3
2
'Queue Link 7' 'AG' -6.31 17.07 -6.31 69.56 0. 9.6576 1
98 68 3. 62 267.8 1600 1 3
2
'Queue Link 8' 'AG' -2.53 17.07 -2.53 61.33 0. 9.6576 1
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98 88 3. 49 267.8 1600 1 3
2
'Queue Link 9' 'AG' -31 13.9 -13.9 30.36 0. 9.6576 1
2 1 3. 47 267.8 1600 1 3
2
'Queue Link 15' 'AG' -13.9 17.07 -13.9 30.36 0. 9.6576 1
98 68 3. 62 267.8 1600 1 3
2
'Queue Link 16' 'AG' 0 -19.23 0 -178.67 0. 9.6576 1
98 84 3. 40 267.8 1600 1 3
2
'Queue Link 17' 'AG' 3.78 -19.23 3.78 -178.67 0. 9.6576 1
98 84 3. 40 267.8 1600 1 3
2
'Queue Link 18' 'AG' 7.59 -19.23 7.59 -178.67 0. 9.6576 1
98 64 3. 160 267.8 1600 1 3
2
'Queue Link 19' 'AG' 11.37 -19.23 11.37 -178.67 0. 9.6576 1
98 64 3. 160 267.8 1600 1 3
2
'Queue Link 21' 'AG' 29.08 -15.18 14.94 -29.96 0. 9.6576 1
2 1 3. 145 267.8 1600 1 3
2
'Queue Link 30' 'AG' -17.31 -0.76 -177.14 -0.76 0. 9.6576 1
98 85 3. 46 267.8 1600 1 3
2
'Queue Link 31' 'AG' -17.31 -7.83 -177.14 -7.83 0. 9.6576 1
98 53 3. 221 267.8 1600 1 3
2
'Queue Link 32' 'AG' -17.31 -11.77 -177.14 -11.77 0. 9.6576 1
98 53 3. 221 267.8 1600 1 3
2
'Queue Link 34' 'AG' -17.31 -15.18 -31 -15.18 0. 9.6576 1
98 53 3. 221 267.8 1600 1 3
2
'Queue Link 35' 'AG' -9.11 -32 -31 -15.18 0. 9.6576 1
2 1 3. 49 267.8 1600 1 3
2
'Queue Link 43' 'AG' 18.35 -1.89 177.78 -1.89 0. 9.6576 1
98 89 3. 30 267.8 1600 1 3
2
'Queue Link 44' 'AG' 18.35 2.53 177.78 2.53 0. 9.6576 1
98 89 3. 30 267.8 1600 1 3
2
'Queue Link 45' 'AG' 18.35 6.95 177.78 6.95 0. 9.6576 1
98 57 3. 151 267.8 1600 1 3
2
'Queue Link 46' 'AG' 18.35 11.25 177.78 11.25 0. 9.6576 1
98 57 3. 151 267.8 1600 1 3
2
'Queue Link 48' 'AG' 18.35 15.18 29.72 15.18 0. 9.6576 1
98 57 3. 151 267.8 1600 1 3
2
'Queue Link 49' 'AG' 12.65 30.36 29.72 15.18 0. 9.6576 1
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2 1 3. 32 267.8 1600 1 3
2.26775 189.2 6 1000. 0. 'N' 10 0 36

The following is a sample TRAQSIM input file for the same January 10, 1995, 7 am to 8 am
period. Again, the input files for the other 10 scenarios are similar.

Denver-Jan-10-1995-7-8-AM
SI
0.5
0.5
4200
2
Receiver
25
1B, -16.44 , 64.34 , 1.8
1C, -121.36 , -79.93 , 1.8
1D, -60.03 , 25.02 , 9
1E, -30.77 , 97.87 , 4.3
2B, -80.45 , 88.42 , 1.8
2C, 76.64 , -75.62 , 1.8
2D, -60.03 , 25.02 , 5.5
2E, -30.77 , 97.87 , 4.3
3B, -60.03 , 25.02 , 3
3C, -37.17 , 25.02 , 3
3D, 28.88 , 21.26 , 3
3E, -30.77 , 97.87 , 4.3
4B, -50.58 , 63.43 , 1.8
4C, -16.44 , 64.34 , 3
4D, -80.45 , 25.94 , 1.8
4E, -30.77 , 97.87 , 4.3
5B, -55.52 , -18.97 , 3
5C, -55.52 , -18.97 , 5.5
5D, -55.52 , -18.97 , 1.8
5E, -30.77 , 97.87 , 4.3
6B, -55.52 , -18.97 , 9
6C, 86.79 , 85.27 , 1.8
6D, -20.71 , 68.91 , 1.8
6E, -30.77 , 97.87 , 4.3
Dummy Receptor, 0 , 0 , 1.8
Link
60
University Upper SB Top Left, -9.48 , 178.43 , 0 , -9.48 , 69.56 , 0 , 1.5 , 0 , 0
35.939 , 172 , 2 , 0
3 , 0.63652
6 , 0.36348
University Upper SB Top Right, -6.31 , 178.43 , 0 , -6.31 , 69.56 , 0 , 1.5 , 0 , 0
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35.939 , 111 , 2 , 0
4 , 0.437796
7 , 0.562204
University Upper SB Merge Left, -9.48 , 69.56 , 0 , -13.9 , 61.33 , 0 , 1.5 , 1.86199 , 87.21166
0, 0, 1, 0
5,1
University Upper SB Merge Right, -6.31 , 69.56 , 0 , -2.53 , 61.33 , 0 , 1.5 , -2.177248 , 55.82157
0, 0, 1, 0
8,1
University Upper SB Left Before Turn, -13.9 , 61.33 , 0 , -13.9 , 30.36 , 0 , 1.5 , 0 , 0
0, 0, 2, 0
9 , 0.42895
15 , 0.57105
University Upper SB Mid-Left, -9.48 , 69.56 , 0 , -9.48 , 17.07 , 0 , 1.5 , 0 , 0
0, 0, 1, 0
11 , 1
University Upper SB Mid-Right, -6.31 , 69.56 , 0 , -6.31 , 17.07 , 0 , 1.5 , 0 , 0
0, 0, 1, 0
26 , 1
University Upper SB Right, -2.53 , 61.33 , 0 , -2.53 , 17.07 , 0 , 1.5 , 0 , 0
0, 0, 1, 0
27 , 1
University Upper SB Right Turn, -13.9 , 30.36 , 0 , -31 , 13.9 , 0 , 1.5 , 0.9625731 , 43.73977
0, 0, 1, 1
60 , 1
University Inter SB Left, -13.9 , 17.07 , 0 , -9.11 , -19.23 , 0 , 1.5 , -7.578288 , -88.2682
0, 0, 1, 0
12 , 1
University Inter SB Mid, -9.48 , 17.07 , 0 , -9.11 , -19.23 , 0 , 1.5 , -98.10814 , -912.9951
0, 0, 1, 0
12 , 1
University Lower SB Left top, -9.11 , -19.23 , 0 , -9.11 , -32 , 0 , 1.5 , 0 , 0
0, 0, 1, 0
13 , 1
Unversity Lower SB Left bottom, -9.11 , -32 , 0 , -9.11 , -178.67 , 0 , 1.5 , 0 , 0
0, 0, 0, 0
University Lower SB Right, -5.7 , -19.23 , 0 , -5.7 , -178.67 , 0 , 1.5 , 0 , 0
0, 0, 0, 0
University Upper SB Left Bottom, -13.9 , 30.36 , 0 , -13.9 , 17.07 , 0 , 1.5 , 0 , 0
0, 0, 1, 0
10 , 1
University Lower NB Left, 0 , -178.67 , 0 , 0 , -19.23 , 0 , 1.5 , 0 , 0
38.123 , 40 , 1 , 0
29 , 1
University Lower NB Mid-Left, 3.78 , -178.67 , 0 , 3.78 , -19.23 , 0 , 1.5 , 0 , 0
38.123 , 40 , 1 , 0
28 , 1
University Lower NB Middle, 7.59 , -178.67 , 0 , 7.59 , -19.23 , 0 , 1.5 , 0 , 0
38.123 , 160 , 1 , 0
22 , 1
University Lower NB Mid-Right, 11.37 , -178.67 , 0 , 11.37 , -19.23 , 0 , 1.5 , 0 , 0
38.123 , 160 , 1 , 0
23 , 1
University Lower NB Right, 14.94 , -178.67 , 0 , 14.94 , -29.96 , 0 , 1.5 , 0 , 0
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38.123 , 145 , 1 , 0
21 , 1
University Lower NB Right Turn, 14.94 , -29.96 , 0 , 29.08 , -15.18 , 0 , 1.5 , 1.045262 , -45.57621
0, 0, 1, 1
50 , 1
University Inter NB Left, 7.59 , -19.23 , 0 , 6.58 , 17.07 , 0 , 1.5 , -35.94059 , 253.5591
0, 0, 1, 0
24 , 1
University Inter NB Right, 11.37 , -19.23 , 0 , 12.65 , 17.07 , 0 , 1.5 , 28.35938 , -341.6761
0, 0, 1, 0
25 , 1
University Upper NB Left, 6.58 , 17.07 , 0 , 6.58 , 178.43 , 0 , 1.5 , 0 , 0
0, 0, 0, 0
University Upper NB Right 1, 12.65 , 17.07 , 0 , 12.65 , 30.36 , 0 , 1.5 , 0 , 0
0, 0, 1, 0
51 , 1
University Inter SB Right, -6.31 , 17.07 , 0 , -5.7 , -19.23 , 0 , 1.5 , -59.50818 , -358.4266
0, 0, 1, 0
14 , 1
University Inter SB Left Turn Inner, -2.53 , 17.07 , 0 , 18.35 , -7.71 , 0 , 1.5 , -1.186782 , 14.06744
0, 0, 1, 0
40 , 1
University Inter NB Left Turn Outer, 3.78 , -19.23 , 0 , -17.31 , 8.6 , 0 , 1.5 , -1.319583 , -14.24198
0, 0, 1, 0
58 , 1
University Inter NB Left Turn Inner, 0 , -19.23 , 0 , -17.31 , 5.06 , 0 , 1.5 , -1.403235 , -19.23
0, 0, 1, 0
57 , 1
Hampden Left EB Upper, -177.14 , -0.76 , 0 , -17.31 , -0.76 , 0 , 1.5 , 0 , 0
35.443 , 46 , 1 , 0
36 , 1
Hampden Left EB Mid-Upper, -177.14 , -7.83 , 0 , -17.31 , -7.83 , 0 , 1.5 , 0 , 0
35.443 , 221 , 1 , 0
37 , 1
Hampden Left EB Mid-Lower, -177.14 , -11.77 , 0 , -17.31 , -11.77 , 0 , 1.5 , 0 , 0
35.443 , 221 , 1 , 0
38 , 1
Hampden Left EB Lower First, -177.14 , -15.18 , 0 , -31 , -15.18 , 0 , 1.5 , 0 , 0
35.443 , 270 , 2 , 0
34 , 0.818153
35 , 0.181847
Hampden Left EB Lower Second, -31 , -15.18 , 0 , -17.31 , -15.18 , 0 , 1.5 , 0 , 0
0, 0, 1, 0
39 , 1
Hampden Left EB Right Turn, -31 , -15.18 , 0 , -9.11 , -32 , 0 , 1.5 , -0.7683874 , -39.00001
0, 0, 1, 1
13 , 1
Hampden Inter EB Left Turn, -17.31 , -0.76 , 0 , 6.58 , 17.07 , 0 , 1.5 , 0.7463374 , 12.1591
0, 0, 1, 0
24 , 1
Hampden Inter EB Upper, -17.31 , -7.83 , 0 , 18.35 , -7.71 , 0 , 1.5 , 3.365112E-03 , -7.77175
0, 0, 1, 0
40 , 1
Hampden Inter EB Middle, -17.31 , -11.77 , 0 , 18.35 , -11.64 , 0 , 1.5 , 3.645544E-03 , -11.7069
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0, 0, 1, 0
41 , 1
Hampden Inter EB Lower, -17.31 , -15.18 , 0 , 18.35 , -15.18 , 0 , 1.5 , 0 , 0
0, 0, 1, 0
42 , 1
Hampden Right EB Upper, 18.35 , -7.71 , 0 , 177.78 , -7.71 , 0 , 1.5 , 0 , 0
0, 0, 0, 0
Hampden Right EB Middle, 18.35 , -11.64 , 0 , 177.78 , -11.64 , 0 , 1.5 , 0 , 0
0, 0, 0, 0
Hampden Right EB Lower 1, 18.35 , -15.18 , 0 , 29.08 , -15.18 , 0 , 1.5 , 0 , 0
0, 0, 1, 0
50 , 1
Hampden Right WB Lower 1, 177.78 , -1.89 , 0 , 18.35 , -1.89 , 0 , 1.5 , 0 , 0
37.378 , 30 , 1 , 0
52 , 1
Hampden Right WB Lower 2, 177.78 , 2.53 , 0 , 18.35 , 2.53 , 0 , 1.5 , 0 , 0
37.378 , 30 , 1 , 0
53 , 1
Hampden Right WB Middle, 177.78 , 6.95 , 0 , 18.35 , 6.95 , 0 , 1.5 , 0 , 0
37.378 , 151 , 1 , 0
54 , 1
Hampden Right WB Upper 2, 177.78 , 11.25 , 0 , 18.35 , 11.25 , 0 , 1.5 , 0 , 0
37.378 , 151 , 1 , 0
55 , 1
Hampden Right WB Upper 1 First, 177.78 , 15.18 , 0 , 29.72 , 15.18 , 0 , 1.5 , 0 , 0
37.378 , 183 , 2 , 0
48 , 0.82532
49 , 0.17468
Hampden Right WB Upper 1 Second, 29.72 , 15.18 , 0 , 18.35 , 15.18 , 0 , 1.5 , 0 , 0
0, 0, 1, 0
56 , 1
Hampden Right WB Right Turn, 29.72 , 15.18 , 0 , 12.65 , 30.36 , 0 , 1.5 , -0.8892795 , 41.60939
0, 0, 1, 1
51 , 1
Hampden Right EB Lower 2, 29.08 , -15.18 , 0 , 177.78 , -15.18 , 0 , 1.5 , 0 , 0
0, 0, 0, 0
University Upper NB Right 2, 12.65 , 30.36 , 0 , 12.65 , 178.43 , 0 , 1.5 , 0 , 0
0, 0, 0, 0
Hampden Inter WB Outer Left Turn, 18.35 , -1.89 , 0 , -5.7 , -19.23 , 0 , 1.5 , 0.7209979 , -15.12031
0, 0, 1, 0
14 , 1
Hampden Inter WB Inner Left Turn, 18.35 , 2.53 , 0 , -9.11 , -19.23 , 0 , 1.5 , 0.7924253 , -12.01101
0, 0, 1, 0
12 , 1
Hampden Inter WB Lower, 18.35 , 6.95 , 0 , -17.31 , 5.06 , 0 , 1.5 , 5.300056E-02 , 5.977439
0, 0, 1, 0
57 , 1
Hampden Inter WB Middle, 18.35 , 11.25 , 0 , -17.31 , 8.6 , 0 , 1.5 , 7.431295E-02 , 9.886357
0, 0, 1, 0
58 , 1
Hampden Inter WB Upper, 18.35 , 15.18 , 0 , -17.31 , 13.9 , 0 , 1.5 , 3.589458E-02 , 14.52133
0, 0, 1, 0
59 , 1
Hampden Right WB Lower, -17.31 , 5.06 , 0 , -177.14 , 5.06 , 0 , 1.5 , 0 , 0
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0, 0, 0, 0
Hampden Right WB Middle, -17.31 , 8.6 , 0 , -177.14 , 8.6 , 0 , 1.5 , 0 , 0
0, 0, 0, 0
Hampden Right WB Upper 1, -17.31 , 13.9 , 0 , -31 , 13.9 , 0 , 1.5 , 0 , 0
0, 0, 1, 0
60 , 1
Hampden Right WB Upper 2, -31 , 13.9 , 0 , -177.14 , 13.9 , 0 , 1.5 , 0 , 0
0, 0, 0, 0
Signal
17
EB Left, 30 , 160 , -17 , -1 , -17 , -2 , -17 , 0
9 , 4 , 85 , Green, 0
EB Thru 1, 31 , 160 , -17 , -8 , -17 , -9 , -17 , -7
38 , 7 , 53 , Red, 44
EB Thru 2, 32 , 160 , -17 , -12 , -17 , -13 , -17 , -11
38 , 7 , 53 , Red, 44
EB Thru 3, 34 , 14 , -17 , -15 , -17 , -16 , -17 , -14
38 , 7 , 53 , Red, 44
WB Left 1, 43 , 159 , 19 , -2 , 19 , -3 , 19 , -1
5 , 4 , 89 , Green, 0
WB Left 2, 44 , 159 , 19 , 3 , 19 , 2 , 19 , 3
5 , 4 , 89 , Green, 0
WB Thru 1, 45 , 159 , 19 , 7 , 19 , 6 , 19 , 8
34 , 7 , 57 , Red, 44
WB Thru 2, 46 , 159 , 19 , 11 , 19 , 10 , 19 , 12
34 , 7 , 57 , Red, 44
WB Thru 3, 48 , 11 , 19 , 15 , 19 , 14 , 19 , 16
34 , 7 , 57 , Red, 44
NB Left 1, 16 , 159 , 0 , -20 , -1 , -20 , 1 , -20
11 , 3 , 84 , Red, 30
NB Left 2, 17 , 159 , 4 , -20 , 3 , -20 , 5 , -20
11 , 3 , 84 , Red, 30
NB Thru 1, 18 , 159 , 8 , -20 , 7 , -20 , 8 , -20
28 , 6 , 64 , Red, 0
NB Thru 2, 19 , 159 , 11 , -20 , 10 , -20 , 12 , -20
28 , 6 , 64 , Red, 0
SB Left, 8 , 43 , -3 , 18 , -3 , 18 , -2 , 18
7 , 3 , 88 , Red, 34
SB Thru 1, 7 , 52 , -6 , 18 , -7 , 18 , -5 , 18
24 , 6 , 68 , Red, 0
SB Thru 2, 6 , 52 , -9 , 18 , -10 , 18 , -9 , 18
24 , 6 , 68 , Red, 0
SB Thru 3, 15 , 12 , -14 , 18 , -15 , 18 , -13 , 18
24 , 6 , 68 , Red, 0
Emission
6.75408E-03
6.551458E-02
5.157517E-02
0.1159265
0.1159265
3.490846E-02
3.490846E-02
0
0
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2.417961E-02
2.417961E-02
3.392065E-02
2.685993E-02
2.437851E-02
5.429889E-02
2.671406E-02
0.0117524
5.781965E-03
4.855683E-02
2.101985E-02
0.1113501
7.741503E-02
1.887878E-02
0
0
0
0.0181
0.0047
0.0024
0.0399
0
4 , 40 , 56
Weather
0
4
0 , 2.193 , 10 , 182.3
7.25 , 2 , 1000 , F
1500 , 2.069 , 10 , 187.9
7.59 , 2 , 1000 , F
2400 , 2.514 , 10 , 200
7.91 , 2 , 1000 , F
3300 , 2.295 , 10 , 186.6
8.58 , 2 , 1000 , F
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APPENDIX D: MOBILE6.2 INPUT FILES AND ASSUMPTIONS
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The following is the main input file for the January 10, 1995, 7 am to 8 am period. The external
input files are also provided. The main input file for the other 10 scenarios are similar.

MOBILE6.2 Main input file:

MOBILE6 INPUT FILE :
RUN DATA
FUEL RVP

:
: 12.4

HOURLY TEMPERATURES: 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7
45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7
ABSOLUTE HUMIDITY : 20
REG DIST

: RegDist.txt

VMT FRACTIONS :
0.679003938 0.040656236
0.001322408 0.001015006
0.000440803 0
STARTS PER DAY

0.135344785
0.003915023

0.059595346
0.004732827

: Startspd.txt

ANTI-TAMP PROG :
82 75 20 22222 22222222 2 11 095. 22211111
I/M PROGRAM
I/M PROGRAM

: 1 1982 2050 1 TRC 2500/IDLE
: 2 1982 2050 1 TRC 2500/IDLE

I/M MODEL YEARS : 1 1941 1989
I/M MODEL YEARS : 2 1990 2020
I/M VEHICLES
I/M VEHICLES

: 1 22222 22222222 2
: 2 22222 22222222 2

I/M STRINGENCY
I/M STRINGENCY

: 1 20.0
: 2 35.0

I/M COMPLIANCE
I/M COMPLIANCE

: 1 95.0
: 2 95.0

I/M WAIVER RATES : 1 2.0 2.0
I/M WAIVER RATES : 2 2.0 2.0
FUEL PROGRAM

:3
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0.027405159
0.005376631

0.019105311
0.019169111

0.001966211
0.000951206

SEASON

:2

SCENARIO RECORD :
CALENDAR YEAR

: 1995

*Month = January
EVALUATION MONTH : 1
ALTITUDE

:2

RELATIVE HUMIDITY : 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4
35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4
BAROMETRIC PRES : 24.6
AVERAGE SPEED

: 2.5 Arterial

SOAK DISTRIBUTION : SoakDst.txt
SCENARIO RECORD :
CALENDAR YEAR

: 1995

*Month = January
EVALUATION MONTH : 1
ALTITUDE

:2

RELATIVE HUMIDITY : 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4
35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4
BAROMETRIC PRES : 24.6
AVERAGE SPEED

: 38.1 Arterial

SOAK DISTRIBUTION : SoakDst.txt
SCENARIO RECORD :
CALENDAR YEAR

: 1995

*Month = January
EVALUATION MONTH : 1
ALTITUDE

:2

RELATIVE HUMIDITY : 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4
35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4
BAROMETRIC PRES : 24.6
AVERAGE SPEED

: 35.9 Arterial
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SOAK DISTRIBUTION : SoakDst.txt
SCENARIO RECORD :
CALENDAR YEAR

: 1995

*Month = January
EVALUATION MONTH : 1
ALTITUDE

:2

RELATIVE HUMIDITY : 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4
35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4
BAROMETRIC PRES : 24.6
AVERAGE SPEED

: 35.4 Arterial

SOAK DISTRIBUTION : SoakDst.txt
SCENARIO RECORD :
CALENDAR YEAR

: 1995

*Month = January
EVALUATION MONTH : 1
ALTITUDE

:2

RELATIVE HUMIDITY : 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4
35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4 35.4
BAROMETRIC PRES : 24.6
AVERAGE SPEED

: 37.4 Arterial

SOAK DISTRIBUTION : SoakDst.txt
END OF RUN

:

Registration Distributions:

REG DIST
* LDV
1 0.049 0.065 0.067 0.074 0.08 0.083
0.082 0.068 0.065 0.043 0.058 0.052
0.045 0.034 0.028 0.024 0.021 0.019
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0.017 0.009 0.007 0.005 0.003 0.001 0.001
* LDT1
2 0.058 0.055 0.044 0.047 0.047 0.078
0.071 0.065 0.062 0.045 0.056 0.06
0.051 0.035 0.032 0.031 0.033 0.033
0.033 0.021 0.017 0.013 0.009 0.004 0
* LDT2
3 0.058 0.055 0.044 0.047 0.047 0.078
0.071 0.065 0.062 0.045 0.056 0.06
0.051 0.035 0.032 0.031 0.033 0.033
0.033 0.021 0.017 0.013 0.009 0.004 0
* LDT3
4 0.058 0.055 0.044 0.047 0.047 0.078
0.071 0.065 0.062 0.045 0.056 0.06
0.051 0.035 0.032 0.031 0.033 0.033
0.033 0.021 0.017 0.013 0.009 0.004 0
* LDT4
5 0.058 0.055 0.044 0.047 0.047 0.078
0.071 0.065 0.062 0.045 0.056 0.06
0.051 0.035 0.032 0.031 0.033 0.033
0.033 0.021 0.017 0.013 0.009 0.004 0
* HDV2b
6 0.076327535 0.070155075 0.063039194 0.063342617 0.058916957 0.090123475
0.095924454 0.069913204 0.060781491 0.045006588 0.052824949 0.056010065
0.045441171 0.022779349 0.019297006 0.018164902 0.019246195 0.018899809
0.018497035 0.012151486 0.009312445 0.007232376 0.004238525 0.002374095 0
* HDV3
7 0.076327535 0.070155075 0.063039194 0.063342617 0.058916957 0.090123475
0.095924454 0.069913204 0.060781491 0.045006588 0.052824949 0.056010065
0.045441171 0.022779349 0.019297006 0.018164902 0.019246195 0.018899809
0.018497035 0.012151486 0.009312445 0.007232376 0.004238525 0.002374095 0
* HDV4
8 0.076327535 0.070155075 0.063039194 0.063342617 0.058916957 0.090123475
0.095924454 0.069913204 0.060781491 0.045006588 0.052824949 0.056010065
0.045441171 0.022779349 0.019297006 0.018164902 0.019246195 0.018899809
0.018497035 0.012151486 0.009312445 0.007232376 0.004238525 0.002374095 0
* HDV5
9 0.076327535 0.070155075 0.063039194 0.063342617 0.058916957 0.090123475
0.095924454 0.069913204 0.060781491 0.045006588 0.052824949 0.056010065
0.045441171 0.022779349 0.019297006 0.018164902 0.019246195 0.018899809
0.018497035 0.012151486 0.009312445 0.007232376 0.004238525 0.002374095 0
* HDV6
10 0.076327535 0.070155075 0.063039194 0.063342617 0.058916957 0.090123475
0.095924454 0.069913204 0.060781491 0.045006588 0.052824949 0.056010065
0.045441171 0.022779349 0.019297006 0.018164902 0.019246195 0.018899809
0.018497035 0.012151486 0.009312445 0.007232376 0.004238525 0.002374095 0
* HDV7
11 0.076327535 0.070155075 0.063039194 0.063342617 0.058916957 0.090123475
0.095924454 0.069913204 0.060781491 0.045006588 0.052824949 0.056010065
0.045441171 0.022779349 0.019297006 0.018164902 0.019246195 0.018899809
0.018497035 0.012151486 0.009312445 0.007232376 0.004238525 0.002374095 0
* HDV8a
12 0.076327535 0.070155075 0.063039194 0.063342617 0.058916957 0.090123475
0.095924454 0.069913204 0.060781491 0.045006588 0.052824949 0.056010065
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0.045441171 0.022779349 0.019297006 0.018164902 0.019246195 0.018899809
0.018497035 0.012151486 0.009312445 0.007232376 0.004238525 0.002374095 0
* HDV8b
13 0.076327535 0.070155075 0.063039194 0.063342617 0.058916957 0.090123475
0.095924454 0.069913204 0.060781491 0.045006588 0.052824949 0.056010065
0.045441171 0.022779349 0.019297006 0.018164902 0.019246195 0.018899809
0.018497035 0.012151486 0.009312445 0.007232376 0.004238525 0.002374095 0
* HDBS
14 0.076327535 0.070155075 0.063039194 0.063342617 0.058916957 0.090123475
0.095924454 0.069913204 0.060781491 0.045006588 0.052824949 0.056010065
0.045441171 0.022779349 0.019297006 0.018164902 0.019246195 0.018899809
0.018497035 0.012151486 0.009312445 0.007232376 0.004238525 0.002374095 0
* HDBT
15 0.11 0.095 0.116 0.113 0.08 0.102
0.079 0.062 0.037 0.05 0.048 0.055
0.044 0.001 0.001 0.001 0.001 0.001
0.001 0.001 0.001 0.001 0 0 0
* MC
16 0.001 0.001 0.001 0.001 0.001 0.001
0.001 0.001 0.001 0.001 0.001 0.989
000000
0000000

Soak Distribution:

SOAK DISTRIBUTION
24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.09
24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0
24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0
24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0
24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0
24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0
24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.91 24*0.0 24*0.0
24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.09
24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0
24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0
24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0
24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0
24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0
24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.0 24*0.91 24*0.0 24*0.0

Starts per Day:
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STARTS PER DAY
1 1 3.529805014 3.529805014 3.529805014 3.529805014 3.529805014 3.529805014 3.529805014
3.529805014 3.529805014 3.529805014
3.529805014 3.529805014 3.529805014 3.529805014 3.529805014 3.529805014 3.529805014
3.529805014 3.529805014 3.529805014
3.529805014 3.529805014 3.529805014 3.529805014 3.529805014
1 2 4.203899721 4.203899721 4.203899721 4.203899721 4.203899721 4.203899721 4.203899721
4.203899721 4.203899721 4.203899721
4.203899721 4.203899721 4.203899721 4.203899721 4.203899721 4.203899721 4.203899721 4
.203899721 4.203899721 4.203899721
4.203899721 4.203899721 4.203899721 4.203899721 4.203899721
1 3 4.203899721 4.203899721 4.203899721 4.203899721 4.203899721 4.203899721 4.203899721
4.203899721 4.203899721 4.203899721
4.203899721 4.203899721 4.203899721 4.203899721 4.203899721 4.203899721 4.203899721
4.203899721 4.203899721 4.203899721
4.203899721 4.203899721 4.203899721 4.203899721 4.203899721
1 4 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315
4.093593315 4.093593315 4.093593315
4.093593315 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315
4.093593315 4.093593315 4.093593315
4.093593315 4.093593315 4.093593315 4.093593315 4.093593315
1 5 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315
4.093593315 4.093593315 4.093593315
4.093593315 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315
4.093593315 4.093593315 4.093593315
4.093593315 4.093593315 4.093593315 4.093593315 4.093593315
1 6 4.240668524 4.240668524 4.240668524 4.240668524 4.240668524 4.240668524 4.240668524
4.240668524 4.240668524 4.240668524
4.240668524 4.240668524 4.240668524 4.240668524 4.240668524 4.240668524 4.240668524
4.240668524 4.240668524 4.240668524
4.240668524 4.240668524 4.240668524 4.240668524 4.240668524
1 7 3.701392758 3.701392758 3.701392758 3.701392758 3.701392758 3.701392758 3.701392758
3.701392758 3.701392758 3.701392758
3.701392758 3.701392758 3.701392758 3.701392758 3.701392758 3.701392758 3.701392758
3.701392758 3.701392758 3.701392758
3.701392758 3.701392758 3.701392758 3.701392758 3.701392758
1 8 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454
2.31643454 2.31643454
2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454
2.31643454 2.31643454
2.31643454 2.31643454 2.31643454 2.31643454 2.31643454
1 9 3.162116992 3.162116992 3.162116992 3.162116992 3.162116992 3.162116992 3.162116992
3.162116992 3.162116992 3.162116992
3.162116992 3.162116992 3.162116992 3.162116992 3.162116992 3.162116992 3.162116992
3.162116992 3.162116992 3.162116992
3.162116992 3.162116992 3.162116992 3.162116992 3.162116992
1 10 3.088579387 3.088579387 3.088579387 3.088579387 3.088579387 3.088579387 3.088579387
3.088579387 3.088579387 3.088579387
3.088579387 3.088579387 3.088579387 3.088579387 3.088579387 3.088579387 3.088579387
3.088579387 3.088579387 3.088579387
3.088579387 3.088579387 3.088579387 3.088579387 3.088579387

196

1 11 2.622841226 2.622841226 2.622841226 2.622841226 2.622841226 2.622841226 2.622841226
2.622841226 2.622841226 2.622841226
2.622841226 2.622841226 2.622841226 2.622841226 2.622841226 2.622841226 2.622841226
2.622841226 2.622841226 2.622841226
2.622841226 2.622841226 2.622841226 2.622841226 2.622841226
1 12 2.438997214 2.438997214 2.438997214 2.438997214 2.438997214 2.438997214 2.438997214
2.438997214 2.438997214 2.438997214
2.438997214 2.438997214 2.438997214 2.438997214 2.438997214 2.438997214 2.438997214
2.438997214 2.438997214 2.438997214
2.438997214 2.438997214 2.438997214 2.438997214 2.438997214
1 13 0 0 0 0 0 0 0 0 0 0
0000000000
00000
1 14 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454
2.31643454 2.31643454
2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454
2.31643454 2.31643454
2.31643454 2.31643454 2.31643454 2.31643454 2.31643454
1 15 1.213370474 1.213370474 1.213370474 1.213370474 1.213370474 1.213370474 1.213370474
1.213370474 1.213370474 1.213370474
1.213370474 1.213370474 1.213370474 1.213370474 1.213370474 1.213370474 1.213370474
1.213370474 1.213370474 1.213370474
1.213370474 1.213370474 1.213370474 1.213370474 1.213370474
1 16 5.282451253 5.282451253 5.282451253 5.282451253 5.282451253 5.282451253 5.282451253
5.282451253 5.282451253 5.282451253
5.282451253 5.282451253 5.282451253 5.282451253 5.282451253 5.282451253 5.282451253
5.282451253 5.282451253 5.282451253
5.282451253 5.282451253 5.282451253 5.282451253 5.282451253
1 17 5.662395543 5.662395543 5.662395543 5.662395543 5.662395543 5.662395543 5.662395543
5.662395543 5.662395543 5.662395543
5.662395543 5.662395543 5.662395543 5.662395543 5.662395543 5.662395543 5.662395543
5.662395543 5.662395543 5.662395543
5.662395543 5.662395543 5.662395543 5.662395543 5.662395543
1 18 7.329247911 7.329247911 7.329247911 7.329247911 7.329247911 7.329247911 7.329247911
7.329247911 7.329247911 7.329247911
7.329247911 7.329247911 7.329247911 7.329247911 7.329247911 7.329247911 7.329247911
7.329247911 7.329247911 7.329247911
7.329247911 7.329247911 7.329247911 7.329247911 7.329247911
1 19 7.672423398 7.672423398 7.672423398 7.672423398 7.672423398 7.672423398 7.672423398
7.672423398 7.672423398 7.672423398
7.672423398 7.672423398 7.672423398 7.672423398 7.672423398 7.672423398 7.672423398
7.672423398 7.672423398 7.672423398
7.672423398 7.672423398 7.672423398 7.672423398 7.672423398
1 20 7.549860724 7.549860724 7.549860724 7.549860724 7.549860724 7.549860724 7.549860724
7.549860724 7.549860724 7.549860724
7.549860724 7.549860724 7.549860724 7.549860724 7.549860724 7.549860724 7.549860724
7.549860724 7.549860724 7.549860724
7.549860724 7.549860724 7.549860724 7.549860724 7.549860724
1 21 7.169916435 7.169916435 7.169916435 7.169916435 7.169916435 7.169916435 7.169916435
7.169916435 7.169916435 7.169916435
7.169916435 7.169916435 7.169916435 7.169916435 7.169916435 7.169916435 7.169916435
7.169916435 7.169916435 7.169916435
7.169916435 7.169916435 7.169916435 7.169916435 7.169916435

197

1 22 12.58718663 12.58718663 12.58718663 12.58718663 12.58718663 12.58718663
12.58718663 12.58718663 12.58718663
12.58718663 12.58718663 12.58718663 12.58718663 12.58718663 12.58718663
12.58718663 12.58718663 12.58718663
12.58718663 12.58718663 12.58718663 12.58718663 12.58718663
1 23 19.57325905 19.57325905 19.57325905 19.57325905 19.57325905 19.57325905
19.57325905 19.57325905 19.57325905
19.57325905 19.57325905 19.57325905 19.57325905 19.57325905 19.57325905
19.57325905 19.57325905 19.57325905
19.57325905 19.57325905 19.57325905 19.57325905 19.57325905
1 24 1.188857939 1.188857939 1.188857939 1.188857939 1.188857939 1.188857939
1.188857939 1.188857939 1.188857939
1.188857939 1.188857939 1.188857939 1.188857939 1.188857939 1.188857939
1.188857939 1.188857939 1.188857939
1.188857939 1.188857939 1.188857939 1.188857939 1.188857939
1 25 3.333704735 3.333704735 3.333704735 3.333704735 3.333704735 3.333704735
3.333704735 3.333704735 3.333704735
3.333704735 3.333704735 3.333704735 3.333704735 3.333704735 3.333704735
3.333704735 3.333704735 3.333704735
3.333704735 3.333704735 3.333704735 3.333704735 3.333704735
1 26 11.69247911 11.69247911 11.69247911 11.69247911 11.69247911 11.69247911
11.69247911 11.69247911 11.69247911
11.69247911 11.69247911 11.69247911 11.69247911 11.69247911 11.69247911
11.69247911 11.69247911 11.69247911
11.69247911 11.69247911 11.69247911 11.69247911 11.69247911
1 27 3.333704735 3.333704735 3.333704735 3.333704735 3.333704735 3.333704735
3.333704735 3.333704735 3.333704735
3.333704735 3.333704735 3.333704735 3.333704735 3.333704735 3.333704735
3.333704735 3.333704735 3.333704735
3.333704735 3.333704735 3.333704735 3.333704735 3.333704735
1 28 5.245682451 5.245682451 5.245682451 5.245682451 5.245682451 5.245682451
5.245682451 5.245682451 5.245682451
5.245682451 5.245682451 5.245682451 5.245682451 5.245682451 5.245682451
5.245682451 5.245682451 5.245682451
5.245682451 5.245682451 5.245682451 5.245682451 5.245682451
2 1 3.529805014 3.529805014 3.529805014 3.529805014 3.529805014 3.529805014
3.529805014 3.529805014 3.529805014
3.529805014 3.529805014 3.529805014 3.529805014 3.529805014 3.529805014
3.529805014 3.529805014 3.529805014
3.529805014 3.529805014 3.529805014 3.529805014 3.529805014
2 2 4.203899721 4.203899721 4.203899721 4.203899721 4.203899721 4.203899721
4.203899721 4.203899721 4.203899721
4.203899721 4.203899721 4.203899721 4.203899721 4.203899721 4.203899721
4.203899721 4.203899721 4.203899721
4.203899721 4.203899721 4.203899721 4.203899721 4.203899721
2 3 4.203899721 4.203899721 4.203899721 4.203899721 4.203899721 4.203899721
4.203899721 4.203899721 4.203899721
4.203899721 4.203899721 4.203899721 4.203899721 4.203899721 4.203899721
4.203899721 4.203899721 4.203899721
4.203899721 4.203899721 4.203899721 4.203899721 4.203899721
2 4 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315
4.093593315 4.093593315 4.093593315
4.093593315 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315
4.093593315 4.093593315 4.093593315

198

12.58718663
12.58718663
19.57325905
19.57325905
1.188857939
1.188857939
3.333704735
3.333704735
11.69247911
11.69247911
3.333704735
3.333704735
5.245682451
5.245682451
3.529805014
3.529805014
4.203899721
4.203899721
4.203899721
4.203899721
4.093593315
4.093593315

4.093593315 4.093593315 4.093593315 4.093593315 4.093593315
2 5 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315
4.093593315 4.093593315 4.093593315
4.093593315 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315 4.093593315
4.093593315 4.093593315 4.093593315
4.093593315 4.093593315 4.093593315 4.093593315 4.093593315
2 6 4.240668524 4.240668524 4.240668524 4.240668524 4.240668524 4.240668524 4.240668524
4.240668524 4.240668524 4.240668524
4.240668524 4.240668524 4.240668524 4.240668524 4.240668524 4.240668524 4.240668524
4.240668524 4.240668524 4.240668524
4.240668524 4.240668524 4.240668524 4.240668524 4.240668524
2 7 3.701392758 3.701392758 3.701392758 3.701392758 3.701392758 3.701392758 3.701392758
3.701392758 3.701392758 3.701392758
3.701392758 3.701392758 3.701392758 3.701392758 3.701392758 3.701392758 3.701392758
3.701392758 3.701392758 3.701392758
3.701392758 3.701392758 3.701392758 3.701392758 3.701392758
2 8 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454
2.31643454 2.31643454
2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454
2.31643454 2.31643454
2.31643454 2.31643454 2.31643454 2.31643454 2.31643454
2 9 3.162116992 3.162116992 3.162116992 3.162116992 3.162116992 3.162116992 3.162116992
3.162116992 3.162116992 3.162116992
3.162116992 3.162116992 3.162116992 3.162116992 3.162116992 3.162116992 3.162116992
3.162116992 3.162116992 3.162116992
3.162116992 3.162116992 3.162116992 3.162116992 3.162116992
2 10 3.088579387 3.088579387 3.088579387 3.088579387 3.088579387 3.088579387 3.088579387
3.088579387 3.088579387 3.088579387
3.088579387 3.088579387 3.088579387 3.088579387 3.088579387 3.088579387 3.088579387
3.088579387 3.088579387 3.088579387
3.088579387 3.088579387 3.088579387 3.088579387 3.088579387
2 11 2.622841226 2.622841226 2.622841226 2.622841226 2.622841226 2.622841226 2.622841226
2.622841226 2.622841226 2.622841226
2.622841226 2.622841226 2.622841226 2.622841226 2.622841226 2.622841226 2.622841226
2.622841226 2.622841226 2.622841226
2.622841226 2.622841226 2.622841226 2.622841226 2.622841226
2 12 2.438997214 2.438997214 2.438997214 2.438997214 2.438997214 2.438997214 2.438997214
2.438997214 2.438997214 2.438997214
2.438997214 2.438997214 2.438997214 2.438997214 2.438997214 2.438997214 2.438997214
2.438997214 2.438997214 2.438997214
2.438997214 2.438997214 2.438997214 2.438997214 2.438997214
2 13 0 0 0 0 0 0 0 0 0 0
0000000000
00000
2 14 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454
2.31643454 2.31643454
2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454 2.31643454
2.31643454 2.31643454
2.31643454 2.31643454 2.31643454 2.31643454 2.31643454
2 15 1.213370474 1.213370474 1.213370474 1.213370474 1.213370474 1.213370474 1.213370474
1.213370474 1.213370474 1.213370474
1.213370474 1.213370474 1.213370474 1.213370474 1.213370474 1.213370474 1.213370474
1.213370474 1.213370474 1.213370474
1.213370474 1.213370474 1.213370474 1.213370474 1.213370474

199

2 16 5.282451253 5.282451253 5.282451253 5.282451253 5.282451253 5.282451253
5.282451253 5.282451253 5.282451253
5.282451253 5.282451253 5.282451253 5.282451253 5.282451253 5.282451253
5.282451253 5.282451253 5.282451253
5.282451253 5.282451253 5.282451253 5.282451253 5.282451253
2 17 5.662395543 5.662395543 5.662395543 5.662395543 5.662395543 5.662395543
5.662395543 5.662395543 5.662395543
5.662395543 5.662395543 5.662395543 5.662395543 5.662395543 5.662395543
5.662395543 5.662395543 5.662395543
5.662395543 5.662395543 5.662395543 5.662395543 5.662395543
2 18 7.329247911 7.329247911 7.329247911 7.329247911 7.329247911 7.329247911
7.329247911 7.329247911 7.329247911
7.329247911 7.329247911 7.329247911 7.329247911 7.329247911 7.329247911
7.329247911 7.329247911 7.329247911
7.329247911 7.329247911 7.329247911 7.329247911 7.329247911
2 19 7.672423398 7.672423398 7.672423398 7.672423398 7.672423398 7.672423398
7.672423398 7.672423398 7.672423398
7.672423398 7.672423398 7.672423398 7.672423398 7.672423398 7.672423398
7.672423398 7.672423398 7.672423398
7.672423398 7.672423398 7.672423398 7.672423398 7.672423398
2 20 7.549860724 7.549860724 7.549860724 7.549860724 7.549860724 7.549860724
7.549860724 7.549860724 7.549860724
7.549860724 7.549860724 7.549860724 7.549860724 7.549860724 7.549860724
7.549860724 7.549860724 7.549860724
7.549860724 7.549860724 7.549860724 7.549860724 7.549860724
2 21 7.169916435 7.169916435 7.169916435 7.169916435 7.169916435 7.169916435
7.169916435 7.169916435 7.169916435
7.169916435 7.169916435 7.169916435 7.169916435 7.169916435 7.169916435
7.169916435 7.169916435 7.169916435
7.169916435 7.169916435 7.169916435 7.169916435 7.169916435
2 22 12.58718663 12.58718663 12.58718663 12.58718663 12.58718663 12.58718663
12.58718663 12.58718663 12.58718663
12.58718663 12.58718663 12.58718663 12.58718663 12.58718663 12.58718663
12.58718663 12.58718663 12.58718663
12.58718663 12.58718663 12.58718663 12.58718663 12.58718663
2 23 19.57325905 19.57325905 19.57325905 19.57325905 19.57325905 19.57325905
19.57325905 19.57325905 19.57325905
19.57325905 19.57325905 19.57325905 19.57325905 19.57325905 19.57325905
19.57325905 19.57325905 19.57325905
19.57325905 19.57325905 19.57325905 19.57325905 19.57325905
2 24 1.188857939 1.188857939 1.188857939 1.188857939 1.188857939 1.188857939
1.188857939 1.188857939 1.188857939
1.188857939 1.188857939 1.188857939 1.188857939 1.188857939 1.188857939
1.188857939 1.188857939 1.188857939
1.188857939 1.188857939 1.188857939 1.188857939 1.188857939
2 25 3.333704735 3.333704735 3.333704735 3.333704735 3.333704735 3.333704735
3.333704735 3.333704735 3.333704735
3.333704735 3.333704735 3.333704735 3.333704735 3.333704735 3.333704735
3.333704735 3.333704735 3.333704735
3.333704735 3.333704735 3.333704735 3.333704735 3.333704735
2 26 11.69247911 11.69247911 11.69247911 11.69247911 11.69247911 11.69247911
11.69247911 11.69247911 11.69247911
11.69247911 11.69247911 11.69247911 11.69247911 11.69247911 11.69247911
11.69247911 11.69247911 11.69247911

200

5.282451253
5.282451253
5.662395543
5.662395543
7.329247911
7.329247911
7.672423398
7.672423398
7.549860724
7.549860724
7.169916435
7.169916435
12.58718663
12.58718663
19.57325905
19.57325905
1.188857939
1.188857939
3.333704735
3.333704735
11.69247911
11.69247911

11.69247911 11.69247911 11.69247911 11.69247911 11.69247911
2 27 3.333704735 3.333704735 3.333704735 3.333704735 3.333704735 3.333704735
3.333704735 3.333704735 3.333704735
3.333704735 3.333704735 3.333704735 3.333704735 3.333704735 3.333704735
3.333704735 3.333704735 3.333704735
3.333704735 3.333704735 3.333704735 3.333704735 3.333704735
2 28 5.245682451 5.245682451 5.245682451 5.245682451 5.245682451 5.245682451
5.245682451 5.245682451 5.245682451
5.245682451 5.245682451 5.245682451 5.245682451 5.245682451 5.245682451
5.245682451 5.245682451 5.245682451
5.245682451 5.245682451 5.245682451 5.245682451 5.245682451

3.333704735
3.333704735
5.245682451
5.245682451

MOBILE6.2 Input File Assumptions:

MOBILE6 INPUT FILE
Required file header.
RUN DATA
Required command to mark the end of the header section and the beginning of the Run
section.
SCENARIO RECORD
Required command to mark the beginning of a new scenario section.
END OF RUN
Required command to mark the end of a Run section.
FUEL RVP
Used 12.4 psi from MOBILE5 input file.
POLLUTANTS
Used default. The default emission factors provided by MOBILE6 are for HC, CO, and
NOx.
PARTICULATES
Used default. No particulate emissions were modeled.
PARTICULATE EF
Used default. No particulate emissions were modeled.
PARTICLE SIZE
Used default. No particulate emissions were modeled.
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EXPRESS HC AS NMHC
EXPRESS HC AS NMOG
EXPRESS HC AS THC
EXPRESS HC AS TOG
EXPRESS HC AS VOC
Used default. MOBILE6 reported HC in terms of volatile organic compounds (VOCs).
NO REFUELING
Used default. Refueling emissions were modeled as indicated in the MOBILE5 input
file.
AIR TOXICS
Used default. No air toxic pollutant emissions were calculated.
ADDITIONAL HAPS
Used default. No additional air toxic pollutants were modeled.
MPG ESTIMATES
Used default. The default fuel economy values built into the model were used.
REPORT FILE
Used default. The output file name is simply the input file name but with a “.txt”
extension.
NO DESC OUTPUT
Used default. MOBILE6 provided a descriptive output.
EXPAND BUS EFS
EXPAND HDDV EFS
EXPAND HDGV EFS
EXPAND LDT EFS
Used default. Results for just the 8 vehicle types from MOBILE5 were generated by
MOBILE6.
EXPAND EXHAUST
Used default. Only composite (i.e., no running or start) emission factors were generated.
EXPAND EVAPORATIVE
Used default. Only composite (e.g., no hot soak, diurnal, resting, etc.) emission factors
were generated.
IDLE PM EMISSIONS
Used default. No Particulate emissions were modeled.
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SPREADSHEET
Used default. Spreadsheet output was not generated.
DATABASE OUTPUT
Used default. No database outputs were generated.
WITH FIELDNAMES
Used default. No fieldnames were generated with the database output option.
DATABASE OPTIONS
Used default. No database outputs were generated.
DATABASE EMISSIONS
Used default. No database outputs were generated.
DATABASE FACILITIES
Used default. No database outputs were generated.
DATABASE VEHICLES
Used default. No database outputs were generated.
DATABASE AGES
Used default. No database outputs were generated.
DATABASE HOURS
Used default. No database outputs were generated.
DATABASE YEARS
Used default. No database outputs were generated.
DAILY OUTPUT
Used default. No database outputs were generated.
AGGREGATED OUTPUT
Used default. No database outputs were generated.
EMISSIONS TABLE
Used default. No database outputs were generated.
CALENDAR YEAR
Used 1995 since the measurement period was in January of 1995.
EVALUATION MONTH
Used “1” for January since the measurement period was in January of 1995.
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MIN/MAX TEMPERATURE
Used default. No Min/Max temperatures were specified. Instead, hourly temperatures
were specified.
HOURLY TEMPERATURES
Used the temperature that was specific for the hour being modeled.
ALTITUDE
Used high altitude option to represent the Denver area.
ABSOLUTE HUMIDITY
Calculated from relative humidity and temperature data.
CLOUD COVER
Used default. Zero percent cloud cover assumed.
PEAK SUN
Used default. 10 am for start of peak sun and 4 pm for end of peak sun.
SUNRISE/SUNSET
Used default. 6 am for sunrise and 9 pm for sunset.
RELATIVE HUMIDITY
Used measured data for a specific hour, and assumed constant for each hour of the day
because the emission factor was specific to just one hour.
BAROMETRIC PRESSURE
Calculated from Hypsometric Equation using temperature and height data.
REG DIST
Translated from MOBILE5 data.
DIESEL FRACTIONS
Used defaults as described in the M6.FLT.007 report.
MILE ACCUM RATE
Used defaults as described in the M6.FLT.007 report.
VMT FRACTION
Translated from MOBILE5 data.
NGV FRACTION
Used default. Assumed zero fraction of natural gas vehicles.
NGV EF
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Used default. Assumed no natural gas vehicles.
VMT BY FACILITY
Did not specify because the facility was specified with the AVERAGE SPEED
command.
VMT BY HOUR
Used defaults as specified in the M6.SPD.003 report.
SPEED VMT
Did not specify. Used an average speed instead.
AVERAGE SPEED
Calculated an average speed for each approach direction from the field data. Also,
specified all facility types as arterials.
STARTS PER DAY
Translated from MOBILE5 hot and cold start mode data.
START DIST
Used defaults as described in the M6.FLT.003 report.
SOAK DISTRIBUTION
Translated from MOBILE5 hot and cold start mode data.
HOT SOAK ACTIVITY
Used defaults as described in the M6.FLT.003 and M6.FLT.004 reports.
DIURN SOAK ACTIVITY
Used defaults as described in the M6.FLT.006 report.
WE DA TRI LEN DI
Used defaults.
WE EN TRI LEN DI
Used defaults.
STAGE II REFUELING
Assumed default (No vapor recovery effects modeled). It only affects HC and other air
toxic emissions.
WE VEH US
Assume weekday activity.
ANTI-TAMP PROG
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Data from MOBILE5 input file.
I/M MODEL YEARS
The model years for the second I/M program was listed as “90” and “20” in the
MOBILE5 input file. This didn’t seem to make sense. So, the model years (1941 and
1989) from the first I/m program listed in the MOBILE5 input file was used for the
second I/M program as well.
I/M CUTPOINTS
Even though cutpoints were provided in the MOBILE5 file, the MOBILE6 user’s guide
says that the I/M program “2500/IDLE,” does not require the specification of cutpoints.
Therefore, they were not provided. The cutpoints specified in the MOBILE5 input file
are the same as the defaults that would be used by the program.
I/M EXEMPTION AGE
Did not specify an exemption age(s). Therefore, the model applies a default I/M
exemption age of 25.
I/M GRACE PERIOD
Did not specify a grace period(s). Therefore, the model applies a 1-year default grace
period.
NO I/M TTC CREDITS
This was not specified because the MOBILE5 input says to use MOBILE5 I/M credits
which appear to indicate that TTC credits are used.
I/M EFFECTIVENESS
Alternate effectiveness was not used. That is, the default 100% credit to I/M programs
was used.
I/M DESC FILE
Not necessary because the I/M commands were provided explicitly in the MOBILE6
input file.
FUEL PROGRAM
“Conventional Gasoline West” was chosen which appears to include Colorado. But since
the
SULFUR CONTENT
Did not specify. Used the default.
DIESEL SULFUR
Not used.
OXYGENATED FUELS
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Did not specify. The default is not to model the fuel as containing any oxygenates.
SEASON
Winter was chosen.
GAS AROMATIC%
Not used.
GAS OLEFIN%
Not used.
GAS BENZENE%
Not used.
OXYGENATE
Not used.
RVP OXY WAIVER
Not used.
NO CLEAN AIR ACT
Did not use. So, the default was used by MOBILE6 which is to implement the effects of
the 1990 Clean Air Act Amendments.
NO DEFEAT DEVICE
Not used. Off-cycle NOx emissions from heavy duty diesel vehicles were used by the
model as default.
NO NOx PULL AHEAD
Not used. Off-cycle NOx emissions pull ahead from heavy duty diesel vehicles were
used by the model as default.
NO REBUILD
Not used. The effects of the rebuild program for heavy duty diesel vehicles were used by
the model as default.
REBUILD EFFECTS
Not used. MOBILE6 uses national estimates to model the effects of off-cycle NOx
emissions rebuild program for heavy-duty diesel vehicles.
NO TIER2
Not used. Default is to include the effects of TIER2.
T2 EVAP PHASE-IN
Not used. MOBILE6 used the default Tier2 certification standard phase-in schedule.
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T2 CERT
Not used. MOBILE6 used the default Tier2 certification standards.
94+ LDG IMP
Not used. MOBILE6 used the default certification standard phase-in schedule for the
Tier 1, NLEV and Tier 2 programs.
NO 2007 HDDV RULE
Not used. MOBILE6 will account for the 2007 heavy duty vehicle emission standards if
the user does not use the NO 2007 HDDV RULE command. This command is not
applicable because a traffic scenario for 2007 Was not modeled.
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APPENDIX E: DEFINITIONS OF STATISTICAL PARAMETERS USED
FOR MODEL VALIDATION
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Overall Error
Average of the squared differences between the modeled and measured data
∑(S mod eled − S measured ) 2
N

ErrorOverall =

where N = number of data points
Bias
Average of the differences between the modeled and measured data
Bias =

∑(S mod eled − S measured )
N

95% Confidence Interval
The ± value around the bias for the 95% confidence interval
C.I. = 1.96 *

VarDelta
N

where VarDelta =

∑[(S mod eled − S measured ) − (S mod eled − S measured )] 2
N −1

Random Error
Standard deviation of residuals from logistic regression for modeled vs. measured data.
Errorrandom =

∑(S residual − S residual ) 2
N −1

where S residual = S measured − S measured( pred)
and S measured( pred) =

b0
1 + b1 * e ( b 2 *S mod eled )
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where b1, b2, and b3 are calculated by STATISTICA

Correlation Coefficient
Correlation coefficient between the modeled and measured data
C.C. =

∑[(S mod eled − S mod eled ) * (S measured − S measured )]
∑(S mod eled − S mod eled ) 2 * ∑(S measured − S measured ) 2
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